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ABSTRACT 
Modeling Habitat Attributes of Cavity-Nesting Birds 
in the Uinta Mountains, Utah: 
A Hierarchical Approach 
by 
Joshua J. Lawler, Doctor of Philosophy 
Utah State University, 1999 
Major Professor: Dr. Thomas C. Edwards, Jr. 
Department: Fisheries and Wildlife and The Ecology Center 
Birds may have the ability to view their environments at a wide range of spatial 
scales; accordingly, they may make habitat-selection decisions at multiple spatial scales. 
I investigated the implications of hierarchy theory and a landscape perspective on nest-
site selection in cavity-nesting birds in the Uinta Mountains in northeastern Utah. I used 
· three different approaches to address the concept of a multi-scaled nest-site selection 
Ill 
process. First, I conducted an exploratory study in which I investigated nest-site selection 
at three spatial scales for Red-naped Sapsucker (Sphyrapicus nuchalis), Northern Flicker 
(Colaptes auratus), Tree Swallow (Tachycineta bicolor), and Mountain Chickadee 
(Parus gambeli). By conducting a hierarchically structured analysis, I was able to 
investigate the habitat relationships that might result from a hierarchically organized nest-
site selection process . I found that the four species were associated with patterns of 
vegetation at three spatial scales and that these associations combined in such a way as to 
imply a process of nest-site selection that may be more complex than that posited by the 
niche-gestalt concept. 
IV 
Second, I conducted an experiment in which I investigated nest-site selection at 
two spatial scales. I compared the use of four types of aspen stands in a two-by-two 
factorial design according to within-stand structure and landscape context. Stands were 
classified as either dense or sparse and as having predominantly meadow or forested 
edges . To address nest-site selection by secondary cavity nesters , who may be limited by 
cavity availability , I augmented the natural cavities with nest boxes . I found that birds 
predominantly nested in sparse stands and in stands with meadow edges . Although only 
five nest boxes were used for nesting, all five of these boxes were in sparse stands with 
meadow edges. 
The third way in which I investigated the process of nest-site selection was to 
build and test predictive models using associations between birds and landscape patterns. 
By using landscape patterns to predict habitat , I was able to build models that were easily 
applied ; predictions could be made without any additional data collection in the field . 
The models were very accurate for both Red-naped Sapsuckers and Tree Swallows (86-
98% and 53-93% nests correctly predicted, respectively) but were less accurate for 
Mountain Chickadees and Northern Flickers (33-42 % and 19-37%, respectively) . 
( 172 pages) 
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CHAPTER I 
INTRODUCTION 
HABIT AT SELECTION IN BIRDS 
It has long been recognized that most species of birds tend to be associated with 
particular types of vegetation (Cody 1985). These basic associations are common 
knowledge to most amateur birdwatchers . A large body of research has aimed to identify 
and explain these associations. Indeed, the study of the relationships between organisms 
and their environment lies at the root of ecology. The process of habitat selection is 
influenced by predation , competition, resource ava ilability , and abiotic conditions, the 
very forces that structure ecological systems . In tum, habitat selection has profound 
implications for population dynamics, community structure, and ecosystem function. 
Understanding the process of habitat selection is therefor an important step toward 
understanding ecological systems. In a more applied sense, understanding habitat 
selection leads to the recognition of habitat requirements which may enable one to predict 
the presence of species, and to identify the types of habitats that should be protected or 
otherwise managed. 
The long history of the study of avian habitat selection contains a number of early 
cornerstones of ecological theory. The keen observations of White ( 1906) and Darwin 
( 1897) form some of the earliest records of specific associations between individual 
species and particular types of vegetation. Darwin, for instance, on the voyage of the 
Beagle, noted that two different species of geese in the Faulkland Islands inhabited 
different areas, one upland and one on the shore (Cody 1985). In the early 1900' s 
Grinnell ( 1917) made more detailed observations of the habitats of the California 
Thrasher (Toxostoma redivivum), laying the foundation for the concept of the ecological 
niche. David Lack ( 1933) noted the habitat affinities of a number of birds in the pine 
plantations of the Beckland Heath and speculated that competition and resource 
partitioning played key roles in the observed patterns . 
The ecological niche 
2 
At its conception, the ecological niche simply defined the area in which a species 
existed. Thus, Grinnell ( 1917) defined the niche of the California Thrasher by describing 
the specific habitat in which it occurred. The concept was further developed by 
Hutchinson ( 1957), who described it as an "n-dimensional hypervolume" of which each 
dimension defined the limits of a particular environmental condition . Hutchinson also 
made the distinction between the fundamental and the realized niche . The fundamental 
niche described the range of environmental conditions in which an organism could exist. 
The realized niche described the actual conditions in which the species was found. The 
realized niche was thus necessarily a subset of the fundamental niche . The idea that 
organisms do not fill their fundamental niche s has led to extensive development of the 
concepts of competition, resource partitioning, and community structure. Schoener 
( 1988) added these ideas to the niche concept , expanding it to include the limitations 
imposed by competitive interactions. The concept of the ecological niche not only laid the 
foundation for a whole body of ecological theory , but it also provides a useful framework 
in which to discuss habitat selection . In addition , the ecological niche forms the basis for 
one of the most influential concepts in avian habitat selection, the niche~gestalt (James 
1971 ). 
The niche-gestalt 
James ( 1971) introduced the term niche-gestalt to describe the fundamental niche 
3 
of a species . The niche-gestalt is a collection of visual cues which the species in question 
receives from the structure and composition of vegetation. Specifically James ( 1971, 
216) stated: 
Inherent in the term gestalt are the concepts that each species has a 
characteristic perceptual world (the Umwelt of von Uexkiill , 1909), that it 
responds to its perceptual field as an organized whole (the Gestalt principle, see 
Kohler , 1947), and that it has a predetermined set of specific search images 
(Tinbergen, 1951 ). 
Thus, according to James, birds have a search image for a comprehensive pattern 
of vegetation, which defines their ecological niche. The widespread acceptance of the 
concept can be seen in the vast number of multivariate analyses of avian habitat that have 
attempted to define the parameters of the niche-gestalt (see Cody 1985 and references 
within) . 
The basis of the niche-gestalt is that birds do respond to patterns of vegetation. 
Experimental studies in laboratory settings have found that birds respond to patterns 
(Klopfer 1963 , Partridge 1974 , 1976) . Partridge ( 1974, 1976) demonstrated that both 
Blue Tits (Parus caeruleus) and Coal Tits (Parus ater) showed preferences for the 
branches and the leaves of particular species of trees . Likewise, Klopfer ( 1963) showed 
that Chipping Sparrows (Spizella passerina) had the ability to distinguish one type of 
foliage from another. The configuration of vegetation need not be directly meaningful to 
the bird (James 1971). In fact, patterns perceived by the birds are likely to be cues to 
more complex processes. These cues have been defined as proximate factors that relate 
to underlying, ultimate factors (Lack 1949, Svardson 1949, Hilden 1965). 
Ultimate and proximate factors 
Birds are theorized to select habitat in a way that maximizes their fitness by 
increasing their ability to survive and reproduce. The ultimate factors that influence 
4 
avian survival and reproduction are similar to those for most organisms, and include 
weather, structural and functional requirements, food, and predation (Hilden 1965). 
Weather, in terms of rain, temperature, wind, and solar radiation can have profound 
effects on the thermal environment of eggs , nestlings, and adults (Walsberg 1985). 
Structural and functional requirements are often the results of adaptations. For example , 
diving ability regulates the depth to which ducks can dive and thus may influence the 
waters in which they select to feed (Hilden 1964). Body mass may limit the size and type 
of vegetation upon which birds are able to perch or nest (Winkler and Leisler 1985). 
Both food availability and predation are perhaps more obvious factors that can have 
profound influences on survival and reproduction (e.g., Ricklefs 1969, Holmes et al. 
1992). 
Each of these ultimate factors has been linked with a series of proximate factors 
with which birds have been found to be associated. Although the scope of this 
introduction prohibits coverage of the entire range of these associations, I will discuss a 
few examples of the proximate factors that have been found to be related to each of the 
ultimate factors. First, there are a number of factors that may act as cues to the possible 
effects of weather. The density of vegetation and arrangement of vegetation are two 
proximate factors that have been found to be related to microclimatic conditions at nest 
sites (Walsberg 1985). Dense vegetation directly over nests can provide protection from 
rain and solar radiation, whereas dense vegetation around a nest can provide protection 
from wind. Hummingbirds have been found to nest directly under sheltering structures, 
which, in addition to those protections listed above, may reduce nocturnal heat loss 
(Calder 1973). Warbling Vireos (Vireo gilvus) have been found to select nest sites 
beneath a specific canopy configuration. Walsberg ( 1981) noted that these vireos tended 
to select sites with canopy configurations that reduced solar radiation in the afternoon 
(the warmest part of the day) by 47% more than in the morning (when it was much 
cooler). 
5 
Second, the structure and composition of vegetation may provide clues as to what 
habitats can support the physiological requirements and morphological constraints of a 
species. Tree size and tree condition are excellent examples of proximate factors that 
relate to a physiological requirement for primary cavity-nesting birds. Cavity nesters 
(obviously) require cavities for nesting, and often for roosting as well. Trees necessarily 
have to be of a certain diameter to accommodate a cavity large enough for either a roost 
or a nest. Cavity nests are often found in larger trees, and tree diameter often appears to 
be related to the body size of the species responsible for excavating the cavity (Sedgwick 
and Knopf 1990, Li and Martin 1991, Dobkin et al. 1995). Tree condition may also be an 
important factor involved in the selection of a nest tree for an excavating species. Trees 
with softer, rotten wood are often selected over healthier trees that may be more difficult 
to excavate (Kilham 1971, Dobkin et al. 1995, Schepps et al. 1999). Red-naped 
Sapsuckers (Sphyrapicus nuchalis) have been found to select trees that have fungal conks 
(Fommes spp. , Kilham 1971, Daily 1993) . These fungal conks often cause heart rot in 
the infected tree and are thus likely to be proximate cues related to the condition of the 
tree . 
An index of food availability may be inferred from the structure of vegetation. 
Although frugivorous birds or grainivores might respond directly to the quantity and 
quality of a food resource, insectivores may rely on the composition and the structure of 
vegetation for proximate cues (Cody 1981 ). For example, Hutto (1977) showed a 
seasona l shift in habitat use by western wood warblers that coincided with a shift in the 
insect abundance in the two vegetation types. Conversely, others have shown that some 
insectivorous birds might select tree species that provide foraging opportunities 
6 
conforming to their particular feeding behavior or morphological constraint, not to insect 
abundances (Robinson and Holmes 1982). 
The structure of vegetation can also provide proximate cues to the severity of 
predation, an ultimate factor. The height and the density of vegetation are two proximate 
factors that have been found to be associated with predation rates. Nests that are higher 
off the ground often receive less predation pressure than nests closer to the ground 
(Nilsson 1984, Li and Martin 1991 ). These nests may be harder to get to or less likely to 
be found. The density of vegetation has also been associated with predation rates . For 
many open-cup nesting birds dense vegetation may reduce the risk of predation (Martin 
1992). Dense vegetation may provide cover, hiding both nests and the movements of 
birds to and from nests. Conversely, for several species of cavity nesters, predation risks 
may be lower when nests are surrounded by sparser vegetation (Belles-Isles and Picman 
1986, Finch 1989, Li and Martin 1991). These birds rely more heavily on nest defense 
than on nest concealment, and thus depend on open areas around the nest to detect 
approaching predators. 
Competition is another important factor influencing habitat selection . It can be 
seen as a proximate factor that relates to the availability of a particular resource (e.g., 
food, territories, and nest sites) . In the case of intraspecific competition, birds may 
respond directly to the presence of conspecifics, assorting themselves in accordance to 
the ideal free (Fretwell and Lucas 1970) or the ideal despotic distributions (Fretwell 
1972). Although these theories are slightly different, both assert that birds are likely to 
use suboptimal habitats (thus selecting different habitats) as densities increase. In the 
case of interspecific competition, birds are likely to respond to proximate cues provided 
by the structure and the composition of vegetation . MacArthur's work (MacArthur 1958, 
MacArthur and MacArthur 1961, MacArthur et al. 1962) on resource partitioning in 
warblers provides excellent examples of the role of proximate cues provided by 
vegetation that indicate the level of competitive pressure. 
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Given the large body of evidence, it is apparent that birds use patterns of 
vegetation to select habitat. It is also apparent that these patterns relate to the ultimate 
factors that determine fitness. The view of habitat selection that has been derived from 
the study of patterns of vegetation may, however , be limited by the spatial scales at which 
vegetation has traditionally been observed . The process of habitat selection in birds has 
conventionally been investigated at relatively small spatial scales (e.g. , Collins 1981, 
Holloway 1991, Sakai and Noon 1991 ). However, the introduction of hierarchy theory to 
the field of ecology (Allen and Starr 1982, O'Nei ll et al. 1986) and the evolution of 
landscape ecology have expanded the range of scales at which the habitat selection 
process is investigated . The new approaches to ecological problems provided by both 
lansdcape ecology and hierarchy theory may provide key insites into the proce ss of 
habitat selection. 
HIERARCHY THEORY AND THE LANDSCAPE PARADIGM 
Hierarchy theory 
Ecological processes take place over a wide range of spatial and temporal scales. 
Although ecologists have long recognized this fact, the implications and the importance 
of the idea have only recently been recognized (O'Neill et al. 1986, Wiens et al. 1986, 
Wiens 1989). Scale, as the term is used in the field of ecology, is applied to space and 
time. Wiens ( 1989) has described scale as having two components, extent and grain . 
Extent refers to the total spatial or the total temporal span that is under consideration. 
Thus a study that is conducted in a field and spans the whole field has an extent of the 
area of that field. Grain is a measure of spatial or temporal resolution . The smallest unit 
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of space or time that is used to observe the patterns or processes being studied is the grain 
of a study. Wiens (1989) describes grain as the quadrat size of a field biologist or the 
sample unit of a statistician. 
The use of the term scale by ecologists is markedly different from the way in 
which it is used by geographers and cartographers . This difference is worth briefly 
noting to avoid confusion. An ecological study that has a finer resolution (a smaller gra in 
size) usually has a smaller extent (due to the limited feasibility of doing high resolution 
studies over wide areas). An ecologist would describe this study as being conducted at a 
"small scale." In contrast , a geographer would consider a study with fine resolution to be 
at a larger scale (i.e., the ratio of units on a map to units on the ground would be higher ). 
Likewise, a study covering a large extent and having a coarse resolution (large grain-size ) 
would be a large-scale study to an ecologist and a small-scale study to a geographer or 
cartographer. Throughout this discussion I will be using the ecological use of scale. 
Hierarchy theory provides a framework for the understanding of ecological scale 
(Allen and Starr 1982, O'Neill et al. 1986) . The theory proposes that processes are 
organized into discrete levels based on their rates (O'Neill 1989) . Processes with similar 
rates operate at similar spatial and temporal scales, and are isolated from processes 
operating at different levels. However, hierarchical structure implies that these processes 
are not completely independent because the process at lower levels are components of the 
processes at higher levels, and are themselves made up of components at even lower 
levels (von Bertalanffy 1968, Allen and Starr 1982). The processes occurring at one level 
are necessarily affected by processes occurring at both higher and lower levels (Allen and 
Starr 1982, Salthe 1985, O'Neill 1989). Whereas the effects of higher levels are often 
described as top-down constraints, those from lower levels are often referred to as 
"initiating conditions" (Salthe 1985, King 1997). 
Hierarchy theory has been put forth to help understand the organization of 
middle-number systems (Wienberg 1975, Allen and Starr 1982, King 1997). King 
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( 1997) describes a small number system as one with a small number of component parts 
that can be explained with a relatively small number of relationships among these parts . 
These systems can be described with a few mathematical equations that track the 
behavior of each component. King gives the example of classic Newtonian dynamics as 
a method of addressing small number systems . In contrast, large-number systems are 
those with many components . However , these components have meaningful collective 
properties that can be expressed with a small number of equations. Commonly used 
examples of a large number systems involve the behavior of gasses and liquids . 
Although there are many , many molecules involved , the dynamics of these substances 
can be explained with a small number of equations that represent the collective properties 
of the molecules. Middle-number systems have too many components to describe each 
with it's own equation. In addition , the behavior of the components are too complex to 
produce collective properties that can be represented in some statistical manner (i.e., with 
averages or sums) . 
Implications of hierarchy theory for the 
design of ecological studies 
Many ecological systems have been called middle-number systems (Allen and 
Starr 1982, O'Neill et al. 1986), implying that the large number and the complex behavior 
of the components in these systems often make them intractable large- or small-number 
systems . This being the case, many ecological systems might best be considered in light 
of hierarchy theory. Hierarchy theory helps to solve the middle-number problem by 
dividing a system into levels between which interactions are minimal. This allows each 
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particular level to better approximate a small number system. Several ecologists have 
suggested a triadic approach to ecological questions (Allen et al. 1984, Allen and 
Hoekstra 1992, Bissonette 1997, King 1997). Such an approach takes into account three 
levels of organization. The level with which the researcher is primarily interested may be 
referred to as the focal level. The researcher then considers one level in the hierarchy 
above the focal level, and one level below the focal level. The lowest of these three 
levels may provide the initiating conditions and in part some of the mechanisms for the 
patterns and process observed at the focal level, whereas the highest level provides the 
context in which focal-scale processes are constrained. One of the inherent requirements 
of using such a triadic approach is that exploration of processes at larger spatial scales 
must take place. This practice, with which most ecologists were not familiar, has been 
aided by the concurrent evolution of the field of landscape ecology. 
The landscape paradigm 
Landscape ecology evolved in unison with hierarchy theory, each conceptual field 
feeding from the other, in a form of symbiotic growth. King ( 1997) noted the concurrent 
publishing of Forman and Godron's La.ndscape Ecology (1986) and O'Neill an others' A 
Hierarchical Concept of Ecosystems ( 1986). Although these works were by no means 
the first works in either area, they are seminal monographs that mark a level of 
coalesence of thought. The application of hierarchy theory to ecological systems required 
an examination and explanation of processes occurring at scales that were generally 
larger than those with which ecologists were familiar. Here, landscape ecology provided 
an essential framework. Likewise, the field of landscape ecology required the 
underpinnings of hierarchy theory to direct ecological investigation and to tie the findings 
to earlier work conducted at more traditional spatial scales. 
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Both hierarchy theory and landscape ecology direct us to study landscapes . Thus 
at this point, a definition of a landscape might be useful. A landscape has been defined 
as a spatial extent (King 1997), a spatially heterogeneous area (Turner 1989, Turner and 
Gardner 1991 ), and a heterogeneous mosaic of habitat patches in which individuals live 
and disperse (Dunning et al. 1992). Although King ' s (1997) definition allows for 
homogeneous , linear landscapes, most definitions agree that spatial extent and some level 
of heterogeneity are necessary to produce a landscape . Recent essays on the subject have 
emphasized the fact that a landscape is not a scale or a level (Allen 1998, O 'Neill and 
King 1998). The point these authors make is that a landscape may be viewed at a 
particular scale , and that the processes occurring in a landscape may be operating at a 
particular level within a hierarchy , but that there is no "landscape level" or "landscape 
scale ." The definition provided by Dunning et al. ( 1992) above is the most applicable to 
ecological investigations. It is aimed at defining a landscape relative to an organism . All 
organi sms operate within landscapes . Even the most sessile creature s reproduce , 
compete , and obtain resources within a landscape context. Studies have found organism s 
of many types to be influenced by processes occurring within landscapes. Beetles (Wiens 
and Milne 1989, Crist et al. 1992), grasshoppers (With 1994), small mammals (Merriam 
and Lanoue 1990, Diffendorfer et al. 1995), kangaroos (Arnold et al. 1993), muskoxen 
(Schaefer and Messier 1995), amphibians (Vos and Stumpe! 1995, Gibbs 1998), and 
birds (Freemark et al. 1995) have all been found to be associated with landscape patterns . 
Birds and landscapes 
Birds have the ability to view their environment at a wide range of spatial scales . 
Flying above the earth, birds may be able to recognize patterns of vegetation at scales on 
the order of square kilometers. Sitting on a branch, they may recognize leaf and branch 
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structures (Klopfer 1963). Thus it is not supprising that birds have been found to be 
associated with the structure of vegetation at relatively small spatial scales (e.g., 
MacArthur and MacArthur 1961, Cody 1968, James 1971, Wiens and Rotenberry 1981) 
as well as with landscape patterns (Freemark et al. 1995). Avian community structure 
(Ambuel and Temple 1983, Freemark and Collins 1992, Hawrot and Niemi 1996), 
population dynamics (Pearson 1993), and habitat associations of individual species 
(Andries et al. 1994, Coker and Capen 1995, Hunter et al. 1995) have all been found to be 
related to aspects of landscape structure. This lends credence to the directives from 
hierarchy theory and landscape ecology that larger- scale contexts can aid in the 
understanding of ecological processes . 
Like the structure of vegetation at smaller spatial scales , landscape patterns are 
likely to form proximate cues to which birds respond when selecting habitat. Again , 
these proximate cues represent ultimate factors such as predation risks , food availability, 
shelter from adverse conditions, and avoidance of competition. Many landscape pattern s 
are interrelated. Landscape context , edge, and fragmentation are all interrelated. All 
three patterns depend on the area, types, and arrangement of patches in space. 
Perhaps one of the most well known proximate landscape factors is edge . A 
number of forest interior species have been found to avoid forest edges that border open 
areas (Rosenberg and Raphael 1986, Norment 1991 ). For these birds , the forest edge 
may be a proximate cue for predation and brood parasitism risks, which have often (but 
not conclusively) been shown to be negatively correlated with distance to edge (Gates 
and Gysel 1978, Andren and Angelstam 1988, Yahner 1988; but see Paton 1994). 
The degree to which the habitat of a species is fragmented may provide another 
proximate cue for habitat selection. Although fragmentation is traditionally assumed to 
have consequences for nest predation and brood parasitism, it may also provide cues for 
the availability of food (Robinson 1998), or other resources. The amount of and spatial 
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relationship to farmland, and other non-forested land is related to the degree to which 
forested habitats are fragmented. Thus the context in which a patch of forest ( or other 
type of habitat) is located may have effects on resource availability or predation risks 
(Hartley and Hunter 1998). This is particularly evident when considering the effects of 
brood parasitism by Brown-headed Cowbirds (Molothus ater) , which have been shown to 
increase in areas with more agricultural land (Hejl 1992, Robinson et al. 1993) . 
Birds have also been found to be associated with patch size . The diversity and 
density of birds have been found to be related to the size of habitat patches (Freemark and 
Merriam 1986, Askins et al. 1987, Blake and Karr 1987, Johns 1993) . Birds may use 
patch size as a cue for the amount of a resource such as nests and perch sites, and food. 
Patch size may also be related to the amount of heterogeneity within the patch, larger 
patches tending to have more heterogeneity. 
There is ample evidence that birds respond to patterns of vegetation at both large 
spatial scale, which includes landscapes , and at sma ller scales at which the structure of 
individual plants can be discerned . In light of this evidence, hierarchy theory provides an 
organizational structure for the process of nest site selection. 
HABITAT SELECTION AS A COMPLEX 
HIERARCHICAL PROCESS 
Birds may select nest sites at multiple-spatial scales in a hierarchical fashion , first 
selecting patterns at large-spatial scales and then continuing to make decisions at 
progressively smaller scales until a nest site is selected. The concept of hierarchical 
habitat selection is, by no means, new . Several ecologists have suggested that birds, 
when selecting habitat, may make a set of hierarchically structured decisions beginning 
with large spatial scales and progressing down to smaller spatial scales (Svardson 1949, 
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Hilden 1965, Hutto 1985). This hierarchical selection concept has led to a number of 
studies which have addressed patterns at multiple-spatial scales simultaneously with birds 
and other taxa (Gutzwiller and Anderson 1987, Morris 1987, Bergin 1992, Sedgwick and 
Knopf 1992, Schaefer and Messier 1995, Bowers et al. 1996, Saab 1999, Sodhi et al. 
1999). The majority of these studies have demonstrated that habitat associations do exist 
at multiple-spatial scales. 
Most of the studies conducted at multiple spatial scales have been unable to go 
beyond demonstrating that multiple-scale associations exist (but see Salabanks 1993). 
Although habitat selection at multiple spatial scales is a necessary component of a 
hierarchical decision-making process, it is not a sufficient condition . The sequential 
nature of a hierarchical decision-making process is another necessary component that is 
difficult to test. Salabanks (1993) demonstrated such a process in the feeding behavior of 
American Robins (Turdus migratorius). He manipulated fruit abundance and observed 
that robins first selected shrubs with the highest abundance of berries and then selected 
the largest berries . To my knowledge, this is one of the only demonstrations of a 
hierarchical nature in a multi-scale decision-making process. 
A hierarchical process of habitat selection implies that constraints are established 
by the decisions made at higher spatial scales (Fig. 1-1 ). Thus if a bird first chooses a 
riparian area in which to nest, it is unable to select a rocky outcropping on a particular 
ridge-top. The next decision made by the bird necessarily must be made within the 
riparian area. This is a relatively simple concept inherent in a hierarchical structuring; 
however, the issue is rarely addressed in habitat studies. If birds make decisions 
hierarchically, a clearer picture of habitat associations at smaller spatial scales might be 
obtained by first assessing habitat associations at larger spatial scales, and then using the 
knowledge gained by this analysis to structure analyses at smaller spatial scales. In this 
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FIG . 1-1. A hierarchical selection of habitat. 
sense, a truly hierarchical analysis of habitat structure might be accomplished, allowing 
for a more accurate assessment of the habitat affinities of the species under consideration . 
A hierarchical theory of habitat selection does not necessarily replace the concept 
of the niche-gestalt. There may be a series of patterns perceived by a bird ( one at each 
pertinent spatial scale) that results in a niche-gestalt at each spatial scale. Thus birds may 
have a search image at each of the spatial scales that fits the definition of a niche-gestalt. 
Alternatively, a more complex process of habitat selection might occur. Birds may not 
have one particular search image at each spatial scale, but may instead make one or more 
decisions at a particular scale, accepting alternative patterns depending on the 
combination of factors present. Thus decisions made at a larger scale might constrain 
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decisions at smaller scales and lead to different decisions based on the initial constraints . 
Such a selection process could be called a contingent process , and could result in what 
would appear to be multiple niche-gestalts at individual spatial scales (Fig. 1-2). 
<------
FIG. 1-2. Complex decisions resulting in multiple , alternative niche-gestalts . 
The concept of the niche-gestalt implies that all the proximate factors combine in 
some additive fashion to produce one search image. The statistical methods that have 
traditionally been used to analyze avian habitats are well -suited to produce a linear 
combination of factors resulting in a multivariate description of habitat. In the manner in 
which they are traditionally used by avian ecologists, none of the most frequently used 
statistical techniques (i.e., multiple regression, logistic and polytomous regression , 
discriminant function analysis, and principal components analysis) are conducive to 
investigating more complex decision-making processes. Using these techniques, it is 
difficult to model all of the complex interactions among variables that might reflect 
complex decision-making processes. Thus, for almost 30 years there has been little 
departure from the concept of the niche-gestalt. An analysis that allowed for the 
description of more complex interactions among habitat variables would at least provide 
the opportunity to explore the possibility of a selection process that went beyond the 
niche-gestalt. 
CLASSIFICATION AND REGRESSION 
TREES AS ALTERNATIVE 
ANALYSIS TOOL 
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Classification and regression trees (CART, Breiman et al. 1984) allow for an 
examination of potentially complex and hierarchically structured nest -site selection 
processes . CART is a nonparametric analytical technique that provides an alternative to 
general linear and generalized linear models such as linear regression and logistic 
regression . CART works by way of a recursive binary partitioning of data into 
increasingly smaller and more homogenous groups with respect to a response variable 
(Clark and Pregibon 1992). The resulting model is a tree-like structure with a "root" 
node at the beginning and a series of branching divisions extending outward . At the ends 
of the branches are terminal nodes which contain the final groups into which the model 
has categorized the data. 
Clark and Pregibon ( 1992) describe four advantages that CART has over its 
parametric counterparts. First, CART is a nonparametric technique, allowing the user to 
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analyze data that fails to conform to the proper distribution. This can be very convenient 
for ecological data, which is often highly skewed. Second, classification and regression 
trees are adept at capturing complex interactions among variables. Third, the models are 
often relatively easy to interpret and explain. And finally, the models are good at 
handling missing values when used as predictive tools. An additional advantage is that 
CART models are relatively flexible and lend themselves to the manipulations described 
below. 
Although there are a number of advantages, there are some difficulties with using 
CART. The model partitions the data into increasingly smaller groups until it is no 
longer possible to do so, or until some stopping criterion is reached . The model that 
results almost always over-fits the data . That is to say, by fitting variables to the data 
until some minimal group-size is reached , it is likely that a number of "meaningless" 
relationships that are artifacts of the particular data set will be defined . Reducing the 
model to a meaningful , parsimonious one can be difficult. Fortunately , a number of 
techniques for pruning trees have been developed (Breiman et al. 1984, Venables and 
Ripley 1994). One such technique involves jackknife cross-validation of the tree to 
determine the most parsimonius number of terminal nodes (Clark and Pregibon 1992). 
Another difficulty with using CART is related to model stability. Correlated explanatory 
variables are one way in which model instability can occur. It is possible to test the 
stability of a model by perturbing the variables and observing changes in the model 
structur e. 
As mentioned earlier , the use of traditional statistical models for the analysis of 
avian habitat may have promoted an unquestioned acceptance of the niche-gestalt 
concept. CART may be an appropriate analysis technique for habitat studies because of 
its ability to easily model more complex interactions. Interactions can be modeled in 
more traditional techniques, but they quickly subsume degrees of freedom and limit one 's 
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abitlity to look at a large number of variables. Modeling complex interactions might at 
least provide the possibility of discovering a more complex decision-making process if it 
exists. For example, a bird might select a nest site that had a high density of snags. 
However , a site without snags might also be suitable if it has some minimum number of 
down dead trees and is not far from a wet meadow . These two conditions might together 
provide an alternative resource to that which is supplied by high snag density . This type 
of complexity would not be revealed with more traditional analyses, which seldom 
model interactions (muchless more complex interactions) among varaibles. Instead the 
researcher might draw the conclusion that snags are important components of habitat and 
that down dead trees and wet meadows are less important. They would also be likely to 
conclude that a site with all three of these components is superior to a site with just one or 
two of the three. 
CART is also suitable for conducting hierarchically structured analyses. 
Although a number of statistical analysis techniques could be used in a hierarchical 
fashion, CART's inherent hierarchical structure lends itself to the process . A model that 
analyzes the patterns at different spatial scales hierarchically can easily be constructed by 
specifying the point in the model at which each group (spatial scale) of variables is 
allowed to participate . For example, a habitat model could be constructed by first using 
the variables collected at the largest spatial scale to divide the data . If the resulting 
groups are homogenous in terms of the response variable, then the modeling process is 
complete and no smaller scale variables are needed to explain the habitat selection 
process . However, if the groups are not homogenous, the variables that were measured at 
the next largest spatial scale ( one level lower in the hierarchical scheme of observational 
scales) can be used to further subdivide the groups. The process can be continued in this 
manner until the variables at the smallest spatial scale are used. The result will be a 
hierarchical model in which the selection of habitat associations at smaller scales is 
constrained by the selections that were made at larger scales. 
MODELS FOR PREDICTING HABITAT 
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Webster's Third New International Dictionary defines a model as "a description, a 
collection of statistical data, or an analogy used to help visualize often in a simplified 
way, something that cannot be observed" (Grove 1986). More succinctly, models are 
representations of systems. The degree to which they accurately represent reality 
depends on the way in which simplifications are made. As representations, however, 
models make a number of assumptions and thus can at best only approximate reality 
(Maynard Smith 1974). 
Although abstractions, models provide a crucial link in the process of the 
management and conservation of species . As the human population expands, it has an 
increasing effect on the earth's surface. The loss of individual species and hence the loss 
of biodiversity is one of these effects, which is in part driven by the loss of habitat. 
Models provide a method for understanding habitat associations, and can be used for both 
predicting species occurrences and designating critical habitat. They can aid in selecting 
lands for preservation, directing management actions, and guiding the human 
development of land . Thus models can play a crucial role in preserving biodiversity in 
the face of an expanding human population. 
A number of different types of habitat models have been developed to be used for 
predicting habitat suitability, predicting presence and abundance, and evaluating the 
effects of changes in habitat (e.g., Verner et al. 1986). Habitat models can be designed to 
address individual species or groups of species. They can be static or dynamic, spatially 
explicit or not. All habitat models, however, attempt to link the presence or abundance of 
one or more species with a set of biotic and or abiotic factors. 
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One of the best known individual species habitat models is the habitat suitability 
index (HSI). These models were first developed by the U.S. Fish and Wildlife Service as 
part of their habitat evaluation procedures (HEP) (U. S. Fish and Wildlife Service 1980). 
HSI models were developed to predict the effect of disturbances on habitat quality. The 
HSI has values that range from 0.0 to 1.0, where 1.0 indicates habitat of the highest 
quality. The index is obtained by combining a series of Suitability Indices (SI) which are 
derived from the associations that the species has with individual attributes of the habitat. 
The attributes for each species are chosen such that they: (1) are cues to which the 
species responds; (2) can be readily measured or estimated; (3) can be predicted in the 
future; ( 4) are likely to change; and (5) can be influenced by management decisions 
(Schamberger and O'Neil 1986) . The latter three qualities are evidence of the rather 
specific purpose of these models. HEP's are community level models based on 
aggregations of HSis 
Wildlife habitat relationships (WHR) are community-based models developed by 
the USDA Forest Service to help identify vertebrate species communities (Patton 1978, 
Thomas 1979). The specific goals of the WHR program are fairly lengthy, and thus not 
discussed here, but a concise summary can be found in Nelson and Salwasser (1982) . 
The WHR community-based models work quite differently than the individual-based 
HSI, and the HEP. First, habitats are classified, and then vertebrate species associated 
with those habitats are identified. The associations between individual vertebrate species 
and various aspects of the habitat are generally taken from the literature and used in three 
ways. Both general habitat associations (i.e. with particular types, species, and structures 
of vegetation) and associations with habitat elements of special concern (i.e., snags, 
riparian zones, talus) are used . In addition, more in depth models can be built for specific 
species with more detailed habitat requirements (Patton, 1978, Thomas 1979, 1982, 
Verner and Boss 1980). 
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More recently, a different class of model has emerged, aided by the development 
and evolution of geographic information systems (GIS) and the increasing availability 
and quality of remotely-sensed data. These models differ from the previously described 
models in their spatial scale and spatial nature. They are not necessarily a different type 
of model than the two other models, and many of these larger scale models are likely to 
be more like a WHR whereas others are likely to be more similar to an HSI. The models 
produced by the national gap analysis program (GAP) are examples of models that are 
most similar to WHRs, and often have used WHRs in their construction. GAP models 
are an attempt to map the distribution of vertebrate species and identify "gaps" in their 
protection ( Scott et al. 1993). They gene rail y use a combination of species presence 
records, range maps, and gross vegetation associations to build maps of predicted species 
occurrences . Spatial models that are more like HSI's include those of Dettmers and Bart 
( 1999) and Buckland and Elston ( 1993 ). They used empirical species presence data ( as 
opposed to historical records) and linked them to a series of abioitc and biotic factors . A 
similar modeling effort has been conducted for the whole of the U.S. using relationships 
between bird species richness and a series of environmental factors (O'Connor et al. 
1996). 
Each of these modeling techniques has its advantages and disadvantages . First of 
all, it is important to note that each model has been developed for a specific purpose. 
Thus some of the short-comings of the models may in fact be compromises made to 
enhance a particular property that fit the model's specific task. Second, the handful of 
models described above do not cover the extent of habitat modeling efforts. There are a 
number of other models beyond the range of those mentioned here (such as spatially 
explicit population models) that combine some aspects of habitat and population 
dynamics (e.g., Lamberson et al. 1992). There are also a number of models that are more 
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like hybrids of the models described above . Ozesmi and Mitsch ( 1997), for example, 
built a spatially explicit prediction model that used data very similar to that used in HSI. 
Van Horne and Wiens (1991) have suggested that to be useful as management 
tools, predictive models should be accurate, general, and easy to use . They describe 
generality in three ways. First, a model is general if it is applicable over a wide area. 
Second, a model can be general if it can be applied to a number of different habitat types 
with which the species or community is associated. Third, a model might be considered 
general if its scope can be expanded (e.g., from a applying to a single species to applying 
to a guild or community). A model is easy to use if it is relatively simple and if making 
predictions requires minimal data collection. 
HSI models are relatively easy to use and can be accurate, but are often not very 
general. The ease of application of the HSI models is related to the fact that only a few 
easily measured variables are required to make predictions . However, these variables do 
need to be collected in the field, and they need to be collected wherever predictions are to 
be made. Thus the amount of work required to make a prediction depends on the area 
over which predictions are to be made, the variables to be measured, and the 
heterogeneity of the region in relation to the variables measured. They range in 
generality over larger areas, and thus, like all habitat models , should be tested empirically 
before they are used (Van Horne and Wiens 1991 ). Finally , they have not been found to 
be very general in terms of their applicability to habitat types other than those on which 
they were built (Stauffer and Best 1986). 
WHR and the GAP models that rely on historical accounts of species presences, 
associations with gross vegetation types , and range maps are very easy to use, can be 
accurate at large spatial scales (Edwards et al. 1996), and are ( due to their size) general. 
When used at smaller spatial scales, however, WHRs are not very accurate and should 
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not be expected to work well for local managements issues (e.g., timber sales) (Raphael 
and Marcot 1986). 
Models that might be ideal for use at the scale of a local resource manager (a 
national park or wildlife preserve) might combine some aspects of the HSI and the larger 
spatia l models . Such models might use relationships between the structure and the 
composition of landscape patterns, and either presence and absence or abundance of a 
species or some attribute of a community (i.e., guild structure, diversity, biomass), to 
make spatially explicit predictions. These "landscape-habitat" models could have the 
advantage of being easier to use than HSI. No data collection would be necessary to 
make predictions. The model of O'Connor et al. ( 1996), mentioned above, is an example 
of such a model built at a very large scale. This model used hexagons of approximately 
640 km2 as the sampling units. At this resolution this type of model may be more 
accurate than large -scale spatial models that depend solely on historical accounts, range 
maps, and gross vegetation associations. The accuracy of landscape-habitat models will , 
like that of all other models, depend on the validity and the generality of the habitat 
associations used. One disadvantage of such models is that the knowledge of 
relationships between species and landscape patterns is less likely to be found in the 
literature. However, the rapid growth of the field of landscape ecology may soon make 
this deficiency less severe. 
A SUITE OF MONTANE CAVITY-
NESTING BIRDS 
Cavity-nesting birds are those birds that nest in holes. They form a unique guild 
based on their peculiar nesting habit. The guild, however, is fairly large and contains a 
wide range of families, which in North America include Anatidae, Alcidae, Tytonidae , 
Strigidae, Picidae, Tyrannidae, Certhiidae, Hirundinidae, Troglodytidae, Muscicapidae, 
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Sturnidae, and Passeridae. Cavity-nesting birds make up a large part of the avifauna in 
aspen stands (Populus tremuloides) in the western United States (Flack 1976, Wintemitz 
1980, Dobkin et al. 1995). This group of birds contains a number of species that can be 
classified into two basic groups, primary and secondary cavity nesters. Primary cavity-
nesting birds are those that excavate their own cavities. These include all of the 
woodpeckers (Picidae) and a few passerines (e.g., Red-breasted Nuthatch Sitta 
canadensis). Secondary cavity-nesting birds are those that do not excavate their own 
cavities and thus depend on existing cavities. 
Although cavity nesters share some habitat requirements as a function of their 
nesting habit, many of their other habitat requirements diverge drastically due to different 
life histories attributes. Below , I briefly describe some of the life history traits and the 
known habitat associations of the six species of cavity-nesting birds that are emphasized 
in my research . The information in the brief species descriptions below are summarized 
from Ehrlich et al. ( 1988) unless otherwise noted . 
Red-naped Sapsucker (Sphyrapicus nuchalis) 
The Red-naped Sapsucker is a relatively small woodpecker. It has a fairly general 
diet for a woodpecker, feeding not only on insects , but also on sap and the cambium of 
willow (Salix spp.). Sapsuckers bore holes (called "wells") in the bark of trees. They 
then feed on the sap that flows from the wells, often tending the wells, and guarding them 
from other sap eaters. Red-naped Sapsuckers are generally considered to be a riparian 
species, often nesting near water. They are Neotropical migrants and overwinter in 
southern Central America . Habitat studies have found that both Red-naped and Yellow-
bellied Sapsuckers tend to nest in decaying aspen trees that are infected with a fungus 
(Fommes spp., Kilham 1971, Keisker 1987, Daily 1993). Such trees are likely to be more 
easily excavated than are healthy, live trees. 
26 
Northern Flicker (Colaptes auratus) 
Northern Flickers are large woodpeckers that forage primarily on the ground. 
Their diet is largely composed of ants (>60 %, Moore 1995). Northern Flickers are year-
round residents in North America . Northern Flickers have been found to nest in snags 
and live trees with relatively large diameters (Sedgwick and Knopf 1990, Li and Martin 
1991, Dobkin et al. 1995). In addition, they have been found to be associated with forest 
edges bordering open spaces (Conner and Adkisson 1977). 
Mountain Bluebird (Sialia currucoides) 
Mountain Bluebirds are secondary cavity nesters that feed primarily on ground 
insects . They feed in open meadows, often hovering before attacking insects (Kaufman 
1996). They also forage by perching on fences, shrubs, or saplings that give them a 
vantage point (pers. obs.). They are Neotropical migrant birds that over-winter in 
Mexico. Although they are not restricted to mountains, they do tend to be found at higher 
elevations than either the Western (Sialia mexicana) or the Eastern Bluebird (Sialia 
sialis). Mountain Bluebirds are often associated with open areas (Kaufman 1996). The 
Eastern Bluebird, a similar species, has been found to be associated with open understory 
vegetation, in addition to nesting near open areas (Parren 1991 ). 
Tree Swallow (Tachycineta bicolor) 
Tree Swallows are small aerial insectivores. They are secondary cavity nesters 
that tend to forage over open areas, often above or near riparian areas or ponds. They are 
semi-colonial, sometimes nesting in loose colonies. Tree Swallows are Neotropical 
migrants, and winter in Central America. Like several of the species described above, 
Tree Swallows tend to nest near open edges and in close proximity to large open areas. 
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When given the opportunity, they even prefer nest sites that are in open meadows farther 
from forest edges (Rendell and Robertson 1990). Tree Swallows have been found to nest 
in locations with few obstructions possibly giving them easier access to the nest or 
facilitating predator detection (Scott et al. 1980, Parren 1991 ). 
Mountain Chickadee (Parus gambeli) 
Mountain Chickadees are small birds that tend to spend most of their time in tree 
canopies foraging for insects on leaves and branches. Although they are generally 
regarded as secondary cavity nesters , they often do some excavating of old or incomplete 
cavities. As their name implies, they are generally found at relatively high elevations . 
They are year-round residents of North America, although they tend to winter at lower 
elevations. Mountain Chickadees often nest in coniferous forests, and are not as closely 
tied to the aspen habitat as the other species discussed here. 
House Wren (Troglodytes aedon) 
House Wrens are small, vociferous birds that forage on the ground, primarily for 
insects and invertebrates . Males often build dummy nests, possibly to either attract 
females or to deter competitors (Finch 1990). They are also known to prey on the nests 
of other cavity-nesting species as well as other House Wrens. They are Neotropical 
migrants that winter throughout Mexico . House Wrens have been found to nest in areas 
with relatively open understories , again, possibly to increase their ability to detect 
predators (Belles-Isles and Picman 1986, Finch 1989). House Wrens are also considered 
to be an edge species, nesting on forest-meadow edges. 
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Studying cavity nester habitat 
Although the above descriptions are brief, they all indicate that these species are 
associated with the size and condition of trees , the structure of the vegetation 
around the nest tree, and the context of the forest patch in which the nest tree stands. 
These relationships emphasize the need for a multi-scaled approach to studies of habitat 
selection, and have aided in the process of selecting the spatial scales at which 
observations were made for the studies discussed in the following chapters . 
Studying nest site selection in a group of primary and secondary cavity nesters 
poses an interesting problem. Secondary cavity nesters might be expected to nest in the 
same areas as primary cavity-nesting birds and thus show very similar habitat 
associations. This might be expected for two reasons . First, secondary cavity nesters are 
often limited by cavity availability (Von Haartman 1957, Holroyd 1975, Brawn and 
Balda 1988) . Common sense dictates that they will not be found where cavities are 
absent. Second, because non-excavated cavities are somewhat rare, primary cavity 
nesters often create the majority of cavities used by secondary cavity nesters (Raphael 
and White 1984) . In such systems it is not surprising to find cavity density to be 
associated with the density of primary cavity nesters (Flack 1976). There are two ways in 
which one could address the question of whether secondary cavity nesters are choosing to 
nest in the habitats of primary cavity nesters, or whether their decisions are confined by 
cavity availability determined by the presence of primary cavity nesters . First, one could 
compare the composition and structure of vegetation at used cavities to that at unused 
cavities. This approach would control for cavity availability and allow for direct 
examination of choices made by secondary cavity nesters . However , with this approach , 
one still would be confined to examining habitat already selected by primary cavity 
nesters; one would not know about choices secondary cavity nesters might make in 
habitats unused by primary cavity nesters. A second approach would be to alter the . 
availability of cavities, supplying cavities in areas where primary cavity nesters do not 
nest. If secondary cavity nesters used artificially excavated cavities or nest boxes in 
habitats unused by primary cavity nesters, this would provide evidence for secondary 
cavity nesters being confined by cavity availability--and therefore constrained to nest 
only where primary cavity nesters are present. 
OBJECTIVES 
29 
The three studies that follow (Chapters 2, 3, 4) were designed around two basic 
objectives. The first objective was to investigate the hypothesis that nest-site selection in 
birds is a complex hierarchical proce ss. This objective addresses hierarchical structure 
and complexity as separate issues. I first investigated nest-site selection as a hierarchical 
process by modeling habitat associations of four spec ies of cavity-nesting birds at three 
different spatial scales. I used a hierarchically structured model that combines the three 
sca les in an attempt to better understand the habitat association that might result from a 
hierarchically structured decision-making process. Second, I proposed that much of the 
support for the niche -gestalt concept is a statistical artifact of the techniques that have 
been used for approximately the past thirty years. I investigated the possibility that nest-
site selection may be more complex than the niche gestalt concept posits, and that the 
process may be hierarchical. 
I address these two issues in Chapter 2 by using an alternative analytical 
technique (CART) to explore habitat associations involving the composition and structure 
of vegetation. CART allows for the incorporation of complex interactions even when a 
large number of variables is used. CART thus may thus be able to portray a more 
complicated, and possibly more realistic, picture of the nest-site selection process . 
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CART also allows a flexible modelling structure in which a hierarchical organization can 
be imposed. 
Chapter 3 also addresses the first objective. It is an attempt to add rigor to the 
investigation of nest-site selection as a hierarchical process. Specifically, Chapter 3 
describes a "natural experiment" in which I tested whether birds select nest sites at two 
spatial scales . Aspen stands were selected based on their context (a landscape 
characteristic) and their structure (a within-stand characteristic). I investigated the use of 
these stands by both primary and secondary cavity-nesting birds. Because secondary 
cavity nesters are often limited by cavity availability, I augmented natural cavities in the 
stands with nest boxes to better address the behavior of secondary cavity nesters . 
My second objective was to investigate the predictive capability of a set of 
"landscape-habitat" models. In Chapter 4 , I built predictive models for four species of 
cavity-nesting birds using associations with landscape patterns. I measured landscape 
patterns at a series of nest sites and randomly selected non-nest sites for the four species. 
I then built statistical, predictive models with these data. From the models I built 
prediction maps which I tested in the field at five new sites in order to evaluate the 
accuracy and generality of the models . Finally, in Chapter 5, I synthesize the preceding 
chapters and draw some overarching conclusions. 
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CHAPTER 2 
NEST-SITE SELECTION AS A HIERARCHICAL PROCESS 
IN FOUR SPECIES OF CAVITY-NESTING BIRDS 
INTRODUCTION 
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The concept of the niche-gestalt (James 1971) is central to the traditional view of 
habitat selection by birds. James's term captures the idea of a search image that consists 
largely of a particular configuration of vegetation, and there exists a rich history of 
studies demonstrating bird associations with different aspects of the composition and 
structure of vegetation (Grinnell 1917, Lack 1933, MacArthur and MacArthur 1961, 
Cody 1985). Vegetation may provide proximate cues for the ultimate factors which 
determine survival and reproductive success (Hilden 1965). The concept of the niche-
gestalt, coupled with the introduction of multivariate statistical techniques to ecologists , 
resulted in a multitude of habitat based studies that concentrated on relatively small areas 
around nests or perch sites (e.g ., Collins 1981, Steele 1993, Holloway 1991, Sakai and 
Noon 1991). 
More recently it has become clear that ecological processes are best understood 
when studies are conducted at multiple spatial and temporal scales (O'Neill et al. 1986, 
Wiens 1989). Birds, who presumably can view their environment at a wide range of 
spatial scales, have been found to be associated with landscape patterns at large scales 
(Rosenberg and Raphael 1986, Dunning et al. 1992, Hansen and Urban 1992, Free mark et 
al. 1995) and the composition and structure of vegetation at intermediate scales (e.g., 
Cody 1968, James 1971, Wiens and Rotenberry 1981), as well as at relatively small 
spatial scales (e.g., Calder 1973, Walsberg 1981, Rodrigues 1994). Researchers are 
beginning to investigate habitat associations at multiple spatial scales within a single 
study (Gutzwiller and Anderson 1987, Morris 1987, Schaefer and Messier 1995, Saab 
1999). The impetus for a multi-scale approach can largely be attributed to the 
introduction of hierarchy theory to ecology (Allen and Starr 1982, O'Neill et al. 1986). 
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Hierarchy theory proposes that processes are grouped into distinct scales or levels , 
based on the rates at which they operate (O'Neill 1989). Furthermore, processes 
functioning at one given scale are constrained by process functioning at both higher and 
lower scales . Since its introduction, the concept has been applied to a number of studies 
on ecological patterns and processes (Kotliar and Wiens 1990, O'Neill et al. 1991, Kolasa 
et al. 1996, King 1997) . The application of hierarchy theory to nest-site selection in 
birds is not new (Hilden 1965, Hutto 1985), but the concept has proven difficult to 
investigate , and even harder to test experimentally. 
Hierarchy theory would suggest that birds sequentially select habitat by beginning 
at larger spatial scales and then progressing to smaller and smaller spatial scales. Such a 
hierarchical decision making process has been demonstrated in the foraging behavior of 
American Robins, Turdus migratorius (Sallabanks 1993) . A number of recent studie s 
have found that birds are associated with patterns of vegetation at multiple spatial scales 
(Bergin 1992, Saab 1999, Sodhi et al. 1999), thus providing one piece of evidence for a 
hierarchical decision making process. If birds do follow a hierarchically structured 
habitat section process , the concept of the niche-gestalt may need to be expanded . 
Hierarchy theory and the concept of the niche-gestalt are not mutually exclusive 
ideas. Birds may have search images for patterns of vegetation at a number of different 
spatial scales . Thus, perhaps there is a niche-gestalt at each relevant spatial scale . It is 
also possible that the concept of the niche-gestalt is too limiting . The decision-making 
processes of birds may be more complicated than is often believed (Klopfer and 
Ganzhorn 1985). Therefore, the traditional analyses of avian habitat, which attempt to 
define the niche-gestalt with a number of habitat associations combined in an additive 
manner, may be inadequate for investigating habitat selection. 
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Here I explore the nest-site selection process in four species of cavity-nesting 
birds, the Red-naped Sapsucker (Sphyrapicus nuchalis), Northern Flicker ( Colaptes 
auratus), Tree Swallow (Tachycineta bicolor), and Mountain Chickadee (Parus gambeli), 
in light of the concepts of hierarchy theory and an expanded idea of the niche-gestalt. 
The study had three objectives. The first objective was to determine if the four species of 
cavity-nesting birds make nest-site selection decisions at different spatial scales. I 
addressed this objective by attempting to identify associations with patterns of vegetation 
at separate spatial scales. I defined the scales as follows: ( 1) macrohabitat-scale, an area 
approximating the homerange of each species and where landscape patterns were 
measured; (2) meso-scale, an area of 0.04 ha suITounding nest and randomly selected 
non-nest points, in which the composition and structure of vegetation were measured ; and 
(3) micro-scale, a tree which was characterized by condition and structure. These three 
scales were chosen to be biologically meaningful to the four study species. For example, 
at the macro-scale Tree Swallows have been found to be associated with large open 
spaces (Rendell and Robertson 1990), and Northern Flickers with forest edges (Conner 
and Adkisson 1977). At the meso-scale, a number of studies have found cavity nesters to 
· be associated with the density of both snags (Mannan et al. 1980, Scott et al. 1980, 
Raphael and White 1984) and live trees (Flack 1976, Finch 1989). At the micro-scale , 
cavity-nesting birds have often been found to nest in larger trees, trees with heart-rot, 
fungal infections, and soft wood (Daily 1993, Schepps et al. 1999). Although the 
identification of associations at multiple spatial scales does not demonstrate a hierarchical 
decision-making process, it does provide evidence for one major prerequisite, that 
decisions are made at multiple spatial scales (O'Neill et al. 1991 ). 
The second objective of the study was dependent upon the outcome of the first. If 
associations with patterns of vegetation occuITed at multiple spatial scales, I intended to 
model the habitat selection process hierarchically by successively building on the 
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outcomes of higher-scale analyses. Although a few studies have investigated habitat 
associations in a hierarchical manner (Schaefer and Messier 1995, Saab 1999), none 
appear to have attempted a hierarchicaily structured analysis. If birds make decisions in a 
hierarchical fashion , the decisions lower in the hierarchy must depend on the outcome of 
those made at higher levels. Thus, a clearer view of the decision-making process as a 
whole, and of habitat associations at any given scale, should be attained by progressively 
analyzing the residuals of higher-scale analyses. The third objective of the study was to 
investigate the possibility that birds may make a more complex set of decisions when 
selecting a nest site than the traditional view of the niche-gestalt implies. To do this I 
used a statistical analysis technique that facilitated the modeling of complex, nonadditive 
interactions among variables, which may reflect a complex decision-making proce ss . 
METHODS 
Study site and species 
The study was conducted on the north slope of the Uinta Mountains in 
northeastern Utah (Fig. 2-1). The Uintas are the tallest mountains in Utah, and are 
relatively unique in that their spine runs east-west. I selected 16 study sites, each of 
which was centered on a riparian area and included what I classified as four basic 
vegetation associations: sage-brush dominated meadow (Artemisia spp.); willow 
dominated riparian area (Salix spp.); conifer forest [dominated by subalpine fir (Abies 
lasiocarpa)], lodgepole pine (Pinus contorta) , and Engelmann spruce (Picea 
engelmannii); and aspen forest (Populus tremuloides). The sites ranged in size from 
approximately 25 ha to 400 ha, and were between 2750 m and 3050 m elevation. The 
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FIG. 2-1. The Uinta Mountains in northeastern Utah . 
size of each site was dictated by the extent and spatial pattern of the aspen forest, but had 
an upper limit of approximately 400 ha. 
I chose to study cavity-nesting birds because they all share a unique nesting habit , 
yet are diverse in other aspects of their life-histories. Although there are several specie s 
of cavity nesters in the Uinta Mountains, I focused on the four most common species. 
These included two woodpeckers (Picadea) , Red-naped Sapsuckers and Northern 
Flickers, considered primary cavity nesters, and two secondary cavity-nesting birds, Tree 
Swallows and Mountain Chickadees. Although Mountain Chickadees frequently nest in 
both conifer and aspen forests, the other three species primarily nest in aspen trees in the 
Uinta Mountains. I thus restricted my nest searches, and conclusions about habitat 
associations, to aspen forests only. 
Study design 
To address the question of whether or not birds select habitat at multiple spatial 
scales, I looked for associations between nest sites and various aspects of the composition 
and structure of vegetation at three different spatial scales. The largest spatial scale, the 
macro-scale, was based on the estimated homerange size of each species (Laudenslayer 
and Balda 1976, Evans and Conner 1979, Robertson et al. 1992, Walters, pers. com) . 
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The meso-scale was the scale of traditional avian habitat studies (e.g., James and Shugart 
1 nO) and covered an area of 0.04 ha around nests. Finally, the micro-scale addressed 
tt.e nest tree itself. I looked for associations between nest sites and patterns of vegetation 
b:r comparing nest sites to randomly selected non-nest sites, using classification and 
regression trees (CART, Breiman et al. 1984) . 
To investigate the possibility of a hierarchical nest-site selection process I 
modeled habitat associations at the three spatial scales hierarchically, refining habitat 
a~sociations successively from the macro-scale down to the micro-scale. I compared this 
hierarchically structured analysis to those conducted separately at each of the three spatial 
scales. 
Nest searches and data collection 
I searched five of the 16 sites for nests in 1996, six in 1997, and five in 1998. The 
aspe:1 forest at each site was mapped using aerial photographs and systematically 
searched for all nests of cavity-nesting birds from early June to mid-July. Nests were 
most often found by following birds to cavities and then determining whether the cavity 
contained an active nest (as evidenced by incubating or feeding behavior). All nests were 
marked with flagging that was placed at least 5 m from the nest. I returned to all nests at 
the e:1d of the breeding season to measure aspects of the structure and composition of 
surrounding vegetation (Table 2-1). I also measured the same set of factors at a number 
of randomly selected non-nest points. The number of randomly selected points for each 
site was in proportion to the area of aspen forest at each site. Points were selected to be 
at le2st 30 m apart to prevent overlap in the sample plots of both the micro and meso-
scale measurements. Given the size of the macro-scale sample plots it was impossible to 
prevrnt overlap at this scale. I used a total of 357 randomly selected non-nest points for 
all rrudels except those of the Tree Swallow. There were four points for which I was 
Table 2-1. Variables measured at three spatial scales to assess habitat associations of 
four species of cavity-nesting birds, the Red-naped Sapsucker, Tree Swallow, Northern 
Flicker , and Mountain Chickadee in the Uinta Mountains, Utah. 
Macro-scale variables 
Area of aspen (ha) 
Area of willow (ha) 
Mesa-scale variables 
canopy cover (%) 
canopy height 
Micro-scale variables 
diameter at breast height (dbh) 
height 
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Area of meadow and willow (ha) 
Area of conifer (ha) 
Area of logged forest (ha) 
Meters of aspen-meadow edge per ha of aspen 
Distance to aspen-meadow edge (m) 
Length of aspen-meadow edge (m) 
Area of aspen > 30m from a meadow edge (ha) 
Number of different types of patches 
percentage shrub cover 
number trees < 2.5 cm dbh 
number of trees 2.5-8 cm dfbh 
number of trees 8- i 5 cm dfbh 
number of trees 15-23 cm dfbh 
number of trees 23-38 cm dfbh 
number trees > 38 cm dbh 
number of snags 
condition (live or dead) 
presence of fungal conks 
percentage rot (at breast height) 
distance to the closest tree 
number of trees within 2 m 
hieght of lowest branch 
number of branches < 2m high 
Number of patches of aspen 
Number of patches of willow 
Number of patches of meadow 
Number of patches of conifer 
Largest patch of aspen (ha) 
Largest patch of willow (ha) 
Largest patch of meadow and willow (ha) 
Largest patch of conifer (ha) 
number of down snags 
number of conifers 
The composition and structure of vegetation at the macro-scale were assessed 
using digital vegetation maps in a geographic information system (GIS). I created the 
vegetation map by classifying satellite imagery (see Schowengerdt 1997) of the north 
slope of the Uinta mountains. The map had a resolution of 30 m and had six land-type 
classes, including aspen, conifer, willow, meadow, clear-cut, and water. Both nests and 
non-nest points were placed on the digital map using coordinates recorded with a global 
positioning system (GPS) in the field. 
To measure the patterns of vegetation at the macro-scale I used sample squares 
that best approximated the home-range size of each species. Studies conducted at scales 
that encompass landscapes often use sample plots with arb-i.trarily chosen sizes (e.g., 
Pearson 1993, Andries et al. 1994 ). I used homerange estimates for sample plot sizes to 
provide a biological basis for the macro-scale analysis. Estimates of the homerange sizes 
of the four species were 1.5 ha for the Mountain Chickadee (Laudenslayer and Balda 
1976), 0.6-10 ha for the Northern Flicker (Evans and Conner 1979), and approximately 9 
ha for the Red-naped Sapsucker (Walters, pers. com.). In addition, Tree Swallows have 
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been known to travel up to 100 km to reach foraging sites. I used the upper end of the 
estirr .ate of the Northern Flicker homerange and a samp le square of approximately I km2 
for Tree Swallows. I felt that these two sizes were more indicative of the homeranges of 
these two species at my study sites. 
I measured a relatively simple set of patterns pertaining to the area and 
configuration of the different types of vegetation (Table 2-1 ). I predicted that the area of 
willow would be important to Red-naped Sapsuckers, the area of conifers to Mountain 
Chickadees, and the area of meadow to Northern Flickers and Tree Swallows , based on 
the feeding habits of the four species . Red-naped Sapsuckers often feed on willow 
cambium (Ehrlich and Daily 1988); Mountain Chickadees tend to forage in both conifers 
and aspen; Northern Flickers often feed on the ground, foraging for ants (which tend to 
make hills in the dry meadows in the Uinta Mountains); and Tree Swallows are aerial 
insectivores that often forage over open meadows and riparian areas. In addition , I 
focussed on pattern indices that portrayed the interface between aspen forest and 
meadow. Tree Swallows and Northern Flickers are both believed to be edge-associated 
species (Conner and Adkisson 1975, Rendell and Robertson 1990). I measured the 
distance of aspen meadow edge, the density of this edge per ha of aspen, and the distance 
to an aspen meadow edge. 
At the meso-scale, I used a 0 .04 ha plot to assess vegetation patterns . Sample 
plots were circular and centered on nests and randomly selected trees (non-nest points). 
counted the number of trees of each species within the plot and placed them into one of 
six size classes based on their diameter at breast height (dbh); <2.5 cm, 2.5-8 cm, 8-
15cm, 15-23 cm, 23-38 cm, and> 38 cm. I also counted the number of snags (standing 
dead trees) and the number of down snags (fallen dead trees) within the plot. Canopy 
cover was assessed by averaging four readings taken with a densiometer in the four 
cardinal directions at 1 m from the center tree . I estimated the percentage of the ground 
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covered by shrubs using a modified ocular-tube method (James and Shugart 1970). I 
tallied the number of shrub detections at 10 points located 2 m apart, along two axes 
extending out from the center tree in the cardinal directions. Thus five points were on an 
axis running east-west and five on an axis running north-south. The two directions that 
received three points as opposed to two points were selected randomly. Finally, I 
estimated canopy height by measuring the height of an average tree in the plot using a 
clinometer. 
At the micro-scale, I recorded several aspects of tree condition, size, and structure 
(Table 2-1) . I estimated the degree to which trees were rotten using an increment borer at 
breast height. I recorded the percentage of the core length that exhibited signs of rot. 
There is evidence that the condition of aspen tree s at the base may be a good indicator of 
the amount of rot higher along the tmnk (Daily 1993). I recorded the presence of fungal 
conks (Fommes spp.) and measured tree height using a clinometer. I also measured tree 
dbh, distance to the nearest tree (m), height of lowest branch (m), and counted the 
number of branches < 2 m high and the number of trees within 2 m of the focal tree . 
The se latter four factors were assessed to give some estimate of the structure surrounding 
the tree which may play a role in a birds ability to defend or access its nest. For example , 
cavity-nesting birds, who may rely more heavily on nest defense than concealment , may 
select nest sites that facilitate predator detection (Finch 1989). 
Analyses 
I analyzed vegetation patterns at each of the three spatial scales separately, as well 
as in combined hierarchical models using CART (Breiman et al. 1984, Venables and 
Ripley 1997). Although CART has not yet been used extensively in ecological studies , 
they have a number of useful attributes not shared by their more traditional parametric 
counterparts (Clark and Pregibon 1992) . First , they are nonparametric and are thus able 
to handle data with various distributions. Second, they are more adept at modeling 
relatively complex nonadditive interactions than are most traditional techniques. Third , 
they can be relatively easy to interpret. Finally , CART lends itself well to the 
hierarchically structured analysis that I describe below . 
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CART works by way of a recursive binary partitioning of data . The tree 
algorithm divides the data into smaller and more homogenous groups with respect to the 
response variable . Each division is made using the explanatory variable and the point 
along the distribution of that variable that best divides the data into two groups . The 
algorithm continues to divide the data until there is one observation in each group or 
some minimum stopping criterion is met. The trees must then be "pruned" or reduced 
from their over-fit state to a meaningful model. Thi s qualific ation is one of two 
problematic aspects of CART. There are , however several accepted methods of model 
reduction . I pruned tree models by plotting the cross-validated deviance s again st the 
range of possible tree sizes and selecting the model for which deviance was minimized 
(after Clark and Pregibon 1992). 
The second difficulty with using CART involve s correlated and competitive 
variables . As with other statistical techniques it is the researcher ' s responsibility to 
determine which of the correlated variables have biological meaning and interpret the 
result s accordingly . Although correlations among variables within the three spatial scales 
of my study have implications for the results at each spatial scale, correlations across 
scales could have profound implications for my results. Specifically, correlations across 
spatial scales could easily confound the effects at various scales and eliminate my ability 
to determine whether or not significant relationships occurred at different spatial scales. I 
performed Pearson correlations both within scales and across scales for all variables. In 
addition I addressed the issue of correlations within scales using the sensitivity analysis 
described below . Because this analysis could not address the issue of correlations across 
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spatial scales, I also analyzed a correlation matrix for all variables. I used point biserial 
tests to look for associations between fungal conk presence and whether a tree was live or 
not, and the rest of the continuous variables. 
Whereas correlated variables are an issue with many statistical techniques, highly 
competitive variables are more uniquely related to CART . Correlated variables divide 
the data into similar subgroups which consequently have a similar degree of 
homogeneity. Highly competitive variables, on the other hand , are those that divide the 
data into different subgroups with similar degrees of homogeneity. When these variables 
occur relatively close to the root node of the tree, they may indicate multiple explanatory 
models . When they occur lower in the tree these variables may indicate instability 
resulting from weak, meaningless associations. I used techniques developed by 
O ' Connor (pers. com. R. J. O ' Connor, University of Maine) to identify both correlated 
and competitive variables within trees. This involved perturbing each variable by up to 
five percent of its value, and then running the tree algorithm again to determine whether 
or not the added variation caused a change in the structure of the tree model. 
I found CART to be well suited to a hierarchical analysis. To analyze the data 
hierarchically, I first analyzed the macro-scale data and produced a pruned tree. I then 
analyzed each of the terminal nodes of the macro-scale tree using the meso-scale 
variables. This involved building one tree model for each terminal node . I used two 
criteria for performing splits on the terminal nodes of the higher level tree . First , nodes 
had to have> 10 observations to be split. Second, nodes had to have more than one nest 
and more than one non-nest point to be split. This procedure produced a number of sub-
trees which I then pruned using the same cross-validated deviance procedure mentioned 
above . I then used the micro-scale variables to analyze the terminal nodes of the meso-
scale sub-trees and any terminal nodes of the macro-scale tree that were not split by the 
meso-scale models. I again applied the two criteria for splitting, and pruned the resulting 
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trees. The final result was a set of four hierarchically structured models, one for each of 
the four cavity-nesting bird species. 
RESULTS 
Correlations 
A total of 259 nests (93 Red-naped Sapsucker nests, 37 Northern Flicker nests, 78 
Mountain Chickadee nests, and 51 Tree Swallow nests) was found over the course of the 
study. 
There were four correlations that crossed scales. Trees with fungal conks were 
associated with meso-scale plots with higher densities of trees 8-15 cm dbh (point biserial 
test, F1,355 = 4.67, P < 0.05). Snags identified at the micro-scale tended to be found in 
meso-scale plots with higher densities of snags (point biserial test, F, 355 = 6.80, P < 0.05) 
and less canopy cover (point biserial test , F1,355 = 9.14, P < 0.01). Snags were also 
associated with macro-scale plots that were used for the Tree Swallow analysis that had 
less aspen forest (point biserial test, F1.355 = 5.09 , P < 0.05) . I also found several 
correlated variables within spatial scales. First, at the macro-scale, the size of the largest 
patch of each of the vegetation types was strongly correlated with the area of each of the 
vegetation types (Pearson's, r = 0.94 - 0.98 , P < 0.001 ). Second, at the micro-scale trees 
with fungal conks tended to be wider (point biserial test, F1.355 = 3.87, P < 0.05), and 
more rotten (point biserial test, F1355 = 47 .5 1, P < 0.001). Perturbation analyses of all 
models containing macro-scale variables often resulted in the substitution of area 
variables for the largest patch of a vegetation type, demonstrating the effect of these 
correlations on the model outcome. Likewise, in some models the degree of rot and the 
presence of fungal conk were interchangeable. The interpretation of the models that 
follows should be regarded in light of these two significant correlations . 
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Macro-scale associations 
The four species of cavity-nesting birds tended to be associated with iandscape-
scale patterns to differing degrees. The macro-scale analyses explained only roughly 
15% of the variance associated with the location of Red-naped Sapsucker and Mountain 
Chickadee nests, but explained closer to 30% of the variance associated with Northern 
Flicker and Tree Swallow nests (Table 2-2). The distance to a meadow-aspen edge and 
the size of the largest meadow patch played prominent roles in the models for all birds 
but the Mountain Chickadees (Tables 2-3 through 2-6,Fig. 2-2) . In fact, the model for the 
Red-naped Sapsucker and the Northern Flicker used only these two variables to discern 
between nest and non-nest points (Fig. 2-2). 
Table 2-2. Goodness-of-fit for CART analysis of habitat associations at three spatial 
scales and of a CART model combining all spatial scales hierarchically for four species 
of cavity-nesting birds . Similar to the statistic in a multiple regression , the R2 presented 
here represents the percentage of the deviance accounted for by the model. 
Si::,ecies Macro-scale R2 Meso- scale R2 Micro-scale R2 Hierarchi cal R2 
Red -naped Sapsucker 0.16 0.14 0.65 0.71 
Northern Flicker 0.30 0.36 0.59 0.58 
Mountain Chickadee 0. 15 0.1 l 0.53 0.43 
Tree Swallow 0.27 0.42 0.57 0.61 
Red-naped Sapsucker nests tended to be within 21 m of an aspen meadow 
edgeand where the largest patch of meadow was at least 0 .8 ha. Flickers tended to nest 
very close to edges (within 1 m or alternatively between 1 and 10 m) and near patches of 
meadow that were> 1.8 ha. Tree Swallows exhibited a similar pattern. Their nests were 
generally within 13 m of an edge, and near a large(> 9.9 ha) area of willow . Tree 
Swallow nests that were not near as much willow tended to be near a patch of meadow 
that was at least 27 .7 ha. Finally, chickadees were associated with more unique patterns 
at the macro-scale . Their nests tended to be in areas with at least three of the different 
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basic vegetation associations , with patches of conifers that were at least 0.2 ha , and often 
within 2 m of an edge . 
Table 2-3. The contribution of each variable to the R2 values of four different CART 
analyses of habitat associations for the Red-naped Sapsucker. One analysis was 
performed at each of three spatial scales , and one analysis was performed on all scales 
combined in a hierarchical model. Similar to the statistic in a multiple regression, the R2 
presented here represents the percentage of the deviance accounted for by the model. 
R2 contributions 
Variables Macro Meso Micro Hierarch)'. 
distance to edge 0.12 0.12 
largest patch meadow 0.04 0.04 
number of down snags 0.05 0.05 
number of conifers 0.04 
numb er of trees 23-38 cm dbh 0.02 
canopy cover 0.03 
fung al conks 0.47 0.38 
dbh 0.08 0.02 
rot 0.06 0.04 
height 0.04 0.04 
height of lowe st branch 0.02 
Table 2-4 . The contribution of each variable to the R2 values of four different CART 
analyse s of habitat associations for the Northern Flicker. One analysis was performed at 
each of three spatial scales individually , and one analy sis was performed on all scale s 
combined in a hierarchical model. Similar to the stati stic in a multiple regression , the R2 
presented here represents the percentage of the deviance accounted for by the model. 
Variables 
distance to edge 
largest patch meadow 
canopy cover 
number of down snags 
number of trees 8-15 cm dbh 
number of trees 15-23 cm dbh 
dbh 
height 
rot 
fungal conks 
Macro 
0.26 
0.04 
R2 contribution 
Meso Micro 
0.20 
0.08 
0.04 
0.04 
0.27 
0.21 
0.11 
Hierarch)'. 
0.26 
0.04 
0.06 
0.05 
0.09 
0.05 
0.03 
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Table 2-5. The contribution of each variable to the R2 values of four different CART 
analyses of habitat associations for the Mountain Chickadee. One analysis was 
performed at each of three spatial scales individually, and one analysis was performed on 
all scales combined in a hierarchical model. Similar to the statistic in a multiple 
regression, the R2 presented here represents the percentage of the deviance accounted for 
by the model. 
Variables 
distance to edge 
patch richness 
largest patch of conifer 
canopy cover 
number of conifers 
number of down snags 
fungal conks 
rot 
height 
dbh 
lowest branch 
Macro 
0.06 
0.06 
0.03 
R2 contribution 
Mesa Micro 
0.04 
0.04 
0.03 
0.26 
0.10 
0.08 
0.06 
0.03 
Hierarchy 
0.06 
0.06 
0.03 
0.16 
0.02 
0.03 
0.07 
Table 2-6. The contribution of each variable to the R2 values of four different CART 
analyses of habitat associations for the Tree Swallow . One analysis was performed at 
each of three spatial scales individually, and one analysis was performed on all scale s 
combined in a hierarchical model. Similar to the stati stic in a multiple regression, the R2 
presented here represents the percentage of the deviance accounted for by the model. 
Variables 
distance to edge 
area of willow 
largest patch of meadow 
number of conifers 
canopy cover 
number of down snags 
rot 
dbh 
fungal conks 
trees within 2 m 
height of lowest branch 
Macro 
0.15 
0.07 
0.06 
R contribution 
Mesa Micro 
0.19 
0.14 
0.09 
0.25 
0.22 
0.10 
Hierarchy 
0.15 
0.07 
0.06 
0.19 
0.09 
0.03 
0.02 
A) Red-naped Sapsucker 
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patch richness < 2.5 
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/ distance to edge > 2 m 
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B) Northern Flicker 
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distance to edge > 1 m 
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D) Tree Swallow 
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FIG . 2-2 . Classification tree models for (a) Red-naped Sapsucker s, (b) Northern Flickers, 
(c) Mountain Chickadees, and (d) Tree Swallow s at a macro -scale . Ovals repre sent 
nodes at which the data were split. Grey and black rectangles are terminal node s in 
which the majority of observations are nest and non-nest points (respectively). The 
numbers in the rectangles are the number of nest points (left of the slash) and non-nest 
points (right of the slash). The variables used in each split of the data are written along 
each branch of the tree and the total number of nest and non-nest points used in the 
models are found to the left and the right (respectively) of the slash just below the highe st 
node of each tree . 
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Mesa-scale associations 
Again, all species showed an association with some pattern of vegetation at the 
meso-scale. However, models built for the Northern Flicker and the Tree Swallow 
explained more of the variance in the data than did models for the Red-naped Sapsucker 
and the Mountain Chickadee (Table 2-2). Although they did so in different ways and to 
different degrees, meso-scale analyses for each of the four species incorporated canopy 
cover and the density of conifers. When canopy cover did play a role in distinguishing 
nests from non-nest points, it always had a negative relationship with nest presence (Fig. 
2-3). 
Red-naped Sapsuckers tended to nest in areas with more down snags, less canopy, 
and more large trees. Those sapsucker nests that were in areas with fewer down snags 
tended to be associated with more conifers (Fig. 2-3a). Northern Flicker nests tended to 
be associated with lower densities of conifers. The number of down snags appears to be 
less of a factor for this species of woodpecker, than for the Red-naped Sapsucker (Fig. 2-
3b ). Although the associations were fairly weak , Mountain Chickadee nests tended to be 
in areas with more snags and fewer conifers (Fig. 2-3c) . In addition, a small number of 
chickadee nests could be differentiated from the majority of the non-nest points by having 
less than 45% canopy cover. Finally, Tree Swallows showed a strong association with 
areas that were pure aspen (roughly 55% of nests), had less canopy cover, and more 
down snags. In addition, no Tree Swallow nests were found in plots with > 19 conifers 
(Fig. 2-3d). 
Micro-scale associations 
Micro-scale models had, by far the strongest model fit of any of the three sca les 
(Table 2-2). Most of the explanatory power of these models came from strong 
A) Red-naped Sapsucker 
5 10 doe(n snags 931357 > 1 o down snags 
canopy cover 5 96% 
58 
B) Northern Flicker 
37/357 
canopy cover 5 73% 
I > 1 6 conifers canopy cover > 96% \ \ 
5 16 conifers A A canopy cover > 73% nifers 
\ 
<121,,,,.151 m1 am 11111 
> 0 trees 23-38cm dbh 
O trees 23·;8cm dbh \ 
m1 mm 
5 9 conifers 
6 / > 12 trees 8-1 5cm dbh 
, \ • • A 
/ , '"" 15-23= dbh /, 21 d~wo soags 
5 1 tree : 5-23cm dbh \ < 21 do~n snags \ 
m m1 1111 1m1 
C) Mountain Chickadee D) Tree Swallow 
~opy cover> 45% ~ 
canopy cov~r 5 45% ~ 
lllll !\ 
5 2 snags > 2 snags 
~ ~ 
5 33 conif!rs \ 
· / > 33 conifers 
\ 
mm m1 
- term inal node dominated by non-nest points 
- terminal node dominated by nest points 
< 1 conifer 2: 1 conifer 
r{ b 
canopy cover < 82% 5 19 conifers \ 
I ~°'~co~,. , % J" t" 
R ;6 canopy cover < 91 % -
< 8 down snags ( \ I \ 
;, \ 
< 13 down sna:s 
I> 13 down snags > 8 down snags \ canopy cover 2: 91 % 
- · ----
FIG. 2- 3. Classification tree models for (a) Red-naped Sapsuckers, (b) Northern Flickers , 
(c) Mountain Chickadees, and (d) Tree Swallows at a meso-scale. See Fig. 2-2 for a 
description of the components of the graphical representation of the model. 
59 
associations with the condition and the size of the nest tree (Tables 2-3 through 2-6). 
Mountain Chickadee was the only species that showed an association with tree structure . 
A number of chickadee nests trees were differntiated from non-nest trees by having no 
branches below 8.5 m. 
Although all four species tended to show strong associations with tree size and 
condition, they did so in different ways and to different degrees (Fig. 2-4). Red-naped 
Sapsuckers were strongly associated with the presence of fungal conks (Fig. 2-4a). 
Northern Flickers, on the other hand, were dependent on rot in terms of tree condition 
(Fig. 2-4b). The model for the flicker also differed from that of the sapsucker as well as 
those of the other species in that tree size (both dbh and height) figured much more 
prominently in the explanation of flicker nest presence (48% of the variance) than it did 
for Red-naped Sapsuckers (12% ), Mountain Chickadees (14% ), and Tree Swallows 
(22% ). Not surprisingly, nests of all four species were associated with trees with larger 
diameters. More interesting, however, was that in all but one instance, nests were 
associated with shorter trees (Fig. 2-4). 
Hierarchical analyses 
The hierarchical models for each species fit the data with varying success (Table 
2-2). The hierarchically structured models for both the Red-naped Sapsucker and the 
Tree Swallow explained slightly more of the variance than did any of the individual scale 
models for those species. The hierarchically structured model for the Northern Flicker , in 
contrast, explained about as much of the variance as did the micro-scale model for that 
species, whereas the hierarchically structured model for the Mountain Chickadee 
explained considerably less variance than did the Mountain Chickadee micro-scale 
model. 
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FIG. 2-4 . Classification tree models for (a) Red-naped Sapsuckers , (b) Northern Flicker s, 
(c) Mountain Chickadees, and (d) Tree Swallows at a micro-scale. See Fig. 2-2 for a 
description of the components of the graphical representation of the model. 
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Associations at the three spatial scales contributed to the hierarchical models with 
differing degrees for the four species (Table 2-7). Overall, meso-scale associations 
contributed little to the hierarchical models. Only in the Northern Flicker model did these 
association make any substantial contribution. Interestingly, the Red-naped Sapsucker 
and Mountain Chickadee models owed most of their explanatory power to the micro-
scale variables. Conversely, macro-scale associations played the largest part in the 
Northern Flicker hierarchical model, and micro- and macro-scale variables contributed 
roughly equally to the variance explained by the Tree Swallow model. 
Table 2-7. The contribution of associations at each scale to the R2 values of 
hierarchically structured models of nest presence for four species of cavity-nesting birds. 
Similar to the statistic in a multiple regression, the R2 presented here represents the 
percentage of the deviance accounted for by the model. 
Macro-scale Meso -scale Micro-scale Total 
Species compone nt R2 component R2 component R2 component R2 
Red-naped Sapsucker 0.16 0.05 0.50 0.71 
Northern Flicker 0.30 0.11 0.17 0.58 
Mountain Chickadee 0 .15 0.00 0.28 043 
Tree Swallow 0.27 0.00 0.33 0.61 
The structure of the hierarchical models generally reflected the patterns that 
emerged from the individual scale analyses (Fig. 2-5). There were, however, some 
substantial differences. First, as mentioned above, when modeled hierarchically Red-
naped Sapsucker nests and Northern Flicker nests were the only ones whose location 
appeared to be influenced by meso-scale factors. The number of down snags, which was 
the most influential variable in the meso-scale analysis for the Red-naped Sapsucker , was 
the only variable at that scale that was included in the hierarchical model (Table 2-3). 
Likewise , canopy cover and the number of down snags, which were the major 
contributors in the meso-scale analysis of the Northern Flicker, were included in the 
hierarchical model (Table 2-4 ). 
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FIG. 2-5. Hierarchically structured classification tree models for (a) Red-naped 
Sapsuckers, (b) Northern Flickers, (c) Mountain Chickadees, and (d) Tree Swallows. See 
Fig. 2-2 for a description of the components of the graphical representation of the model. 
Unshaded regions indicate splits made by macro-scale variables, dark grey regions 
indicate splits made by meso-scale variables, and light grey regions indicate splits made 
by micro-scale variables . 
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The second divergence from the individual scale models occurred at the micro-
scale. Although most of the micro-scale associations incorporated in the hierarchical 
models reflected those of the individual analyses, there were a few differences . Both the 
Red-naped Sapsucker model and the Tree Swallow models identified associations with 
tree structure which had not been evident in the individual micro-scale analyses (Fig. 2-
5) . 
Perhaps the most important result of the hierarchical analysis was that different 
interactions at the meso- and micro-scales emerged along different branches of the 
hierarchical trees . That is to say, different associations were occurring at smaller spatial 
scales given the constraints implied by higher scales. For example, Tree Swallow nests 
that were farther from edges were associated with a combination of tree dbh, degree of 
rot, and the height of the lowest branch (Fig. 2-5d). Alternatively, nests that were closer 
to edges were associated with the degree of rot of a tree and the number of trees within 
two meters . Not all small scale branches were different. The presence of Fungal conks, 
for instance, was universally associated with Red-naped Sapsucker nest presence 
regardless of how nests had been classified by higher scale associations (Fig. 2-5a). 
DISCUSSION 
Hierarchy theory (Allen and Starr 1982, O'Neill et al. 1986) posits that ecological 
processes are organized into distinct levels or scales (O'Neill 1989), and that the 
processes occurring at a given scale are dependant on constraints and limitations set by 
processes at higher and lower scales. I found that cavity-nesting birds, like other birds 
and mammals (Gutzwiller and Anderson 1987, Bergin 1992, Schaefer and Messier 1995, 
Saab 1999), may respond to patterns of vegetation at at least three spatial scales . In 
general, the associations I identified agreed with previously reported patterns or 
conformed to predictions made based on the birds' life history traits. Birds may have a 
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set of alternative search images that are used to identify nest sites. My hierarchical 
analysis allowed me to investigate associations with vegetation structure that might 
reflect nest-site selection decisions as they would occur given the context of higher level 
decisions and the constraints of lower level decision s. The results of this analysis did not 
directly mirror the results of the analyses conducted at individual scales indicating such 
an analysis may be an important tool for understanding the decision-making proces s. By 
using an analytical technique capable of modeling non-additive interactions, I identified a 
number of interactions among variables that could be indicative of a slightly more 
complex decision making process than that of the simple niche-gestalt. However , the 
strength of this last conclusion is limited by the sample size of each analysis . 
Macro- scale associations 
Processes occurring at landscape sca les may have profound effects on the habit at 
selection process of birds (Dunning et al. 1992, Freemark et al. 1995). In particular , birds 
may respond to edges (Gates and Gysel 1978, Andren and Angelstam 1988, Yahner 
1988, Paton 1994) and the area of patches (Whitcomb et al. 1981, Free mark and Merriam 
1986, Freemark and Collins 1992). 
I found Red-naped Sapsuckers, Northern Flickers, and Tree Swallows to be 
associated with aspen-meadow edges. Both Tree Swallows and flickers are known to 
nest in close proximity to open areas (Conner and Adkisson 1977, Rendell and Robertson 
1990, Robertson et al. 1992) . Red-naped Sapsuckers use a number of different food 
resources, including sap from aspen and conifers , willow cambium , and insects (Ehrlich 
et al. 1988). In the Uinta Mountains, sapsuckers appear to collect insects primarily in 
conifer forests. Thus aspen-meadow edges may provide nesting locations that are central 
to these diverse resources, thereby reducing overall foraging time (Rendell and Robertson 
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1990, Dobkin et al. 1995). Mountain Chickadees, which spend most of their time in tree 
canopies, were less strongly associated with meadow edges. 
I found strong associations with the area of certain vegetation types for all four 
species of cavity-nesting birds. The strong correlations between the area of vegetation 
type and the size of the largest patch of each type make the distinction between the 
effects of patch size and overall area impossible. Thus, in the discussion that follows, it 
is important to keep the interchangeable nature of these two variables in mind. All 
species but Mountain Chickadees were associated with large patches of meadow. 
Although Red-naped Sapsuckers are not known to be associated with meadows, Tree 
Swallows and Northern Flickers forage in meadows (Ehrlich et al. 1988, pers. obs.). The 
associations of Tree Swallows with larger areas of willow may be indicative of their need 
for open areas (e.g., riparian zones) which provide flying insects (Robertson et al. 1992). 
Finally, association between nest presence and the area of conifer forest for Mountain 
Chickadees may reflect the use of conifers as a feeding substrate. 
The scale at which landscape structure is perceived is likely to be different for 
different species (Wiens and Milne 1989, With 1994 ). Macro-scale associations played a 
smaller role in hierarchically structured models for both Red-naped Sapsuckers and 
Mountain Chickadees than for the other two species. Mountain Chickadees are relatively 
small birds, whose homeranges are generally believed to be approximately 1.5 ha 
(Laudenslayer and Balda 1976). Although the sample plot used to measure macro-scale 
patterns for Mountain Chickadees may have provided an appropriate sampling grain 
(O'Neill et al. 1986, Wiens 1989), the actual resolution of the vegetation map may have 
been too coarse grained to capture the patterns perceived by a such a small bird. 
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Mesa-scale associations 
The meso-scale has traditionally been the scale at which most studies of avian 
habitat have been conducted (e.g., Cody 1985). In my study, however, analyse s 
conducted at the meso-scale provided the least explanation of nest presence for Red-
naped Sapsuckers and Mountain Chickadees. Furthermore , meso-scale associations only 
played a role in the hierarchical models for Red-naped Sapsuckers and Northern Flickers. 
When constrained by higher level decisions (reflected in associations at the macro-scale) 
only two of the four species showed associations at the meso- scale . Even so, these 
association s played a relatively minor role in the explanatory power of the hierarchic al 
models . 
The weakness of meso-scale association s may indicate the presenc e of other 
factors affecting nest- site selection that are not clearly reflected in the vegetation patterns 
measured . For instance , competition and predation may play import ant roles in the nest-
site selection process at the meso-scale (Ricklefs 1969, Fretwell and Lucas 1970, Martin 
1988, Schoener 1988) . At the meso-scale the presence of a nest might better be 
explained by the proximity of a conspecific or another competitor. House Wrens, for 
example , are known to destroy the nests of other cavity-nesting birds and to fill cavitie s 
with dummy nests (Belles-Isles and Picman 1986, Finch 1990). Squirrels and 
chipmunks (Tamiasciurus and Eutamias spp.) have also been shown to be predators of 
cavity nests (Martin 1988, Reitsma et al. 1990, Purcell and Verner 1999). Specifically , 
Northern Flying Squirrels (Glaucomys sabrinus) may act as both competitors for cavities 
and nest predators in the Uinta Mountains . Although I found flying squirrels nesting at 
several of my field sites, I did not attempt to assess the level of impact, if any, they had 
on nest-site selection . 
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The only two meso-scale factors in the hierarchical models were the number of 
down snags and percentage of canopy cover. Like standing snags, down snags may 
provide feeding substrates for woodpeckers (Raphael and White 1984, Swallow et al. 
1986) and thus explain the presence of that variable in both the sapsucker and the flicker 
models. Areas that were within 1 m of an edge and near a rather large patch of meadow , 
and had< 61 % canopy cover were more likely to have a flicker nest than areas that met 
the same criteria but had denser canopies. More sparse canopies may allow more 
sunlight to hit the nest tree and thus aid in the thermoregulation of the cavity (Wachob 
1996) . 
Micro-scale associations 
Attributes of the nest tree appear to be fairly important. Given the constraints of 
decisions made at the macro-scale and the meso-scale (as reflected in the associations at 
those levels in the hierarchical models), birds still appear to discern between individual 
trees. In fact, the micro-scale variables accounted for the majority of the explained 
variance in all models but that for the Northern Flicker. 
Cavity-nesting birds are known to be highly dependent on both the size and the 
condition of a nest tree. Birds that excavate cavities often select trees that are rotten or 
dead (Harestad and Keisker 1989, Moore 1995), presumably for ease of excavation. Red-
naped Sapsuckers, in particular, often select trees infected with fungi of the genus 
Fommes (Kilham 1971, Conner et al. 1976, Daily 1993) . Infected trees develop heart-rot , 
which softens the core of the tree but leaves a strong supportive exterior. The presence of 
fungal conks on the nest tree accounted for the most variance of any variable in my 
hierarchically structured analysis of Red-naped Sapsucker habitat. In addition, fungal 
conks and rot were major components of the hierarchical Mountain Chickadee and Tree 
Swallow analyses. This might be expected because Red-naped Sapsuckers are thought to 
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provide many of the cavities for secondary cavity-nesting birds in the intermountain west 
(Erskine and McLaren 1972, Dobkin and Wilcox 1986). 
Cavity-nesting birds are also known to nest in trees with relatively large diameters 
(Sedgwick and Knopf 1986, 1990, Gutzwiller and Anderson 1987, Li and Martin 1991, 
Dobkin et al. 1995). Although hierarchically structured models for all four species 
indicated associations with trees with larger diameters, a few of the models also showed 
nests to be associated with shorter trees. 
Hierarchy and complexity 
Although conducting a hierarchically structured analysis is by no means a test of 
hierarchy theory, it may be the most appropriate form of analysis for a study of habitat 
selection when associations exist at multiple spatial scales (e.g., Schaefer and Messier 
1995, Saab 1999). As expected, hierarchically structured models using all possible 
variables generally explained at least as much variance as any of the single-scale models. 
However, the hierarchically structured model for the Mountain Chickadee explained 10% 
less of the total variance than did the micro-scale chickadee model. This lack of fit may 
indicate that a hierarchically structured set of associations based on the three scales 
chosen for the study is inappropriate for the Mountain Chickadee. 
Using a hierarchically structured analysis allowed me to build models that may 
represent the constraints that decisions made at larger scales may have on decisions made 
at smaller scales . For example, Tree Swallows that nested farther from a meadow edge 
tended to nest in trees that did not have many low branches , whereas Tree Swallows that 
nested closer to forest edges were associated with a number of other aspects of vegetation 
structure, but the height of branches on the nest tree was not a factor that discerned these 
trees from those trees near the edge selected at random (Fig. 2-Sd). It has been 
hypothesized that Tree Swallows nest in more open forests and near edges to facilitate 
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access to their nests (Rendell and Robertson 1990, Dobkin et al. 1995). The structure of 
the hierarchical model for the Tree Swallow might represent a trade-off that reflects this 
hypothesis. By selecting nest sites close to an edge, birds may facilitate access to their 
nests. However, if birds do not select a site close to an edge, they may attempt to 
facilitate access to the nest by selecting a tree with few low branches. Although this 
example of the Tree Swallow is clearly specu lation as to the mechanisms behind the 
apparent pattern, such model structures may reveal decision-making processes that are 
both hierarchically structured, and more complex than implied by the concept of the 
niche-gestalt. 
One complication with using CART to perform hierarchically structured analyses 
such as those presented here , is that the interpretation of the results is highly dependent 
on sample size. The apparent complex decision-making processes and the constraints 
imposed by higher level classifications should be interpreted in light of the sample size at 
each split in the model. Thus, whereas my results provide some evidence for a complex 
habitat-selection process, the weight put on the conclusions must depend on the sample 
sizes of the individual models and the specific splits in question. 
In conclusion, I found that the four species of cavity-nesting birds in this study 
were associated with patterns of vegetation at three spatial scales. The birds were most 
strongly associated with the size and the condition of individual trees. My results 
demonstrate the implications of a hierarchical decision-making process for habitat 
associations, as well as provide evidence for complex decision-making processes . In 
addition, my results have profound implications for the way in which species and 
landscapes are managed . Because decisions at small scales may depend on decisions 
made at larger scales, what is suitable habitat at small scales may depend on habitat 
associations at larger spatial scales. Thus, as others have noted (Freemark et al. 1995), 
looking at multiple spatial scales and understanding the way in which associations at 
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different spatial sca les are related may be crucial to both under standing how birds select 
habitat and for the management of many species. 
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CHAPTER 3 
HABITAT SELECTION AT TWO SPATIAL SCALES: 
AN EXPERIEMNT AL APPROACH 
INTRODUCTION 
Birds may select habitat in a hierarchical manner, using visual cues at a number of 
different spatial scales (Hilden 1965, Hutto 1985, Klopfer and Ganzhom 1985). This 
multi-scaled selection process may, in turn, reflect underlying ecological processes and 
patterns which tend to be hierarchically structured (Allen and Starr 1982, O'Neill et al. 
1986, Kolasa 1989, Kotliar and Wiens 1990). A few studies have provided evidence that 
habitat selection in birds occurs at multiple spatial scales (Gutzwiller and Anderson 1987, 
Bergin 1992, Sedgwick and Knopf 1992, Saab 1999), and may provide a more complete 
view of the habitat selection process than studies that are limited to one spatial scale 
(Karr 1983, Allen and Hoekstra 1992). 
Traditionally , studies of avian habitat selection have been conducted at small 
spatial scales (Cody 1985) using relatively standardized sampling schemes (see James 
and Shugart 1970). These scales have typically included an area that extends several 
meters around the nest (e.g., Collins 1981,Holloway 1991, Sakai and Noon 1991, Steele 
1993), in which attributes of vegetation are measured . Individual bird species and 
communities of birds are often associated with specific habitats or sets of habitats 
defined by the composition and structure of vegetation at these small spatial scales (Lack 
1933, MacArthur et al. 1966, James 1971, Rotenberry and Wiens 1980, Cody 1981 ). 
These patterns of vegetation are generally accepted as the proximate cues that reflect 
ultimate factors such as predation risk, competition, the availability and predictability of 
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food resources, and other stresses and constraints imposed by the physical environment 
(Hilden 1965, Cody 1985, Martin 1988) . 
More recently, birds have been found to be associated with patterns of vegetation 
at larger spatial scales (Freemark et al. 1995). The recognition of the importance of 
landscape-scale patterns and processes is relatively new, but well established (Forman 
and Godron 1986, Turner 1989, Hansson et al. 1995, Bissonette 1998). Certain species of 
birds have been shown to be associated with or affected by the size and the degree of 
isolation of habitat patches (Ambuel and Temple 1983, Wilcove 1985), the relative 
location of different habitat patches (Hansen and diCastri 1992), and less conclusively, 
the length of, or proximity to, habitat edges (Paton 1994, but see Hartley and Hunter 
1998). Similar to the associations with vegetation composition and structure found at 
sma ller spatial scales, the responses of birds to the configuration of habitat patches in 
landscape mosa ics may be indicative of some of the ultimate factors that influence the 
nest-site selection process , such as predation, dispersal , and resource availability 
(Freemark et al. 1995). 
Because the process of habitat selection is difficult to address experimentally, our 
knowledge of avian habitat selection largely comes from a wide range of correlative 
studies that have attempted to identify associations with certain habitat features (Cody 
1985). Experimental approaches have been used to address questions of birds and 
predation (e.g., Wilcove 1985, Andren 1992), competition (e.g ., Williams and Batzli 
1979, Lyon et al. 1977), and more rarely the selection of visual cues from vegetation 
(e.g., Klopfer 1963, Kilgore 1971, Partridge 1974, 1976, Stouffer and Bierregaard 1995). 
Although difficult to conduct, experiments, when coupled with a multitude of correlative 
studies, may provide a more complete picture of the process of habitat selection (Pickett 
et al. 1994) . The unique nesting habit of cavity-nesting birds provides an opportunity for 
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researchers to perform experiments in the field that address habitat se lection ( e.g., Finch 
1989) . 
Cavity nesters are a major component of the aspen-forest bird community in the 
west. They have been found to make up 50% of montane aspen bird communities in 
Oregon (Do bkin et al. 1995), 17% to 38% in Colorado (Scott et al. 1980, Wintemitz 
1980), an 60% in Wyoming (Salt 1957) . Primary cavity nesters, even one or two species, 
often provide the majority of cavities for secondary cavity nesters (Raphael and White 
1984, Dobkin et al. 1995). Given this finding, it is possible that many secondary cavity-
nesting birds may appear to select nest sites that are similar to those of primary cavity 
nesting birds, solely based on cavity availablility. Thus to address habitat selection in 
secondary cavity-nesting birds , it may be necessary to experimentally manipulate cavity 
availability . 
The objective of my study was to test whether cavity-nesting birds select nest sites 
using patterns of vegetation at two spatial scales. I looked at two patterns of vegetation, 
one that addressed within-stand structure and one that addressed landscape context. I 
selected tree density as the within-stand structure variable. Because the density of trees 
· was negatively correlated with the size of trees, the within-stand factor was a measure of 
both these structural components . Thus I tested whether birds nested in more sparse 
stands with larger trees or more dense stands with smaller tree s. Cavity-nesting birds 
have been found to be associated with open forested areas (Flack 1976, Brawn 1988). It 
has been suggested that they may select areas that command a view of their surroundings 
to enhance their ability to detect predators (Belles-Isles and Picman 1986, Finch 1989). 
Cavity nesters have also been associated with larger trees (Flack 1976). For these 
reasons, I predicted that cavity nesters would select sites with fewer, but larger trees. 
At a larger scale that encompased landscapes, I addressed the context in which 
aspen sta1ds were located. Specifically, I tested whether birds nested in aspen stands 
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with a high or a low percentage of aspen-meadow edge. Northern Flickers (Colaptes 
auratus), Tree Swallows (Tachycineta bicolor), Mountain Bluebirds (Sialia currucoides), 
and House Wrens (Trog lodytes aedon), for example, are generally believed to be edge-
associated species (Conner and Adkisson 1977, Ehrlich et al. 1988, Rendell and 
Robertson 1990). In addition, both Tree Swallows and Mountain Bluebirds forage in 
open spaces and in meadows (Ehrlich et al. 1988, Robertson et al. 1992) and are thus 
likely to be associated with aspen stands in meadow contexts . Therefore, I predicted that 
these four species would nest in stands that bordered meadows. Mountain chickadees 
(Parus gambeli) are foliage gleaners (Ehrlich et al. 1988) who do not use meadows and 
thus would not be expected to select stands within a meadow context. 
I used a simple field experiment to investigate these aspects of nest-site selection 
in cavity-nesting birds nesting in aspen forests in northeastern Utah . Using nest boxes, I 
artificially augemented available cavities in a two by two factorial design. Cavity nesters 
often readily LL:,e nest boxes, and because the boxes can be placed in a variety of habitats, 
boxes have often been used to experimentally address questions involving nest-site 
selection in cavity-nesting birds (e.g., Muldal et al. 1985, Finch 1989, Rendell and 
Robertson 1990, Pogue and Schnell 1994 ). Stands were selected that were either: (I) 
dense and in a meadow context; (2) dense and in a forested context; (3) sparse and in a 
meadow context; or ( 4) sparse and in a forested context. Because I was unable to control 
for all possible patterns of vegetation, I chose a few key factors of both within-stand 
struc ture and landscape context ( other than tree density and aspen-meadow edge) and 
compared them across the four stands. To test my predictions, I compared the four types 
of stands in terms of the number and species of cavity nesters nesting within. Because 
secondary cavity-nesting birds can be limited by cavity availability (von Haartman 1957), 
I counted cavities in all stands and I augmented natural cavities with nest boxes. 
Additionally, many cavity-nesting birds often nest in snags (standing dead trees), or live 
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trees with softer wood and a high degree of heart rot (Raphael and White 1984, Daily 
1993, Schepps et al. 1999). To address the issue of selection of specific trees, I recorded 
several characteristics of the nest trees. I also compared the density of snags and the 
distribution of rotten trees across the four types of stands. 
METHODS 
Study site 
My study was conducted in the Wasatch National Forest on the north slope of the 
Uinta Mountains in northeastern Utah. The Uintas are the tallest mountains in Utah, and 
are relatively unique in that their spine runs east-west (see Fig . 2-1). The north slope of 
the Uintas is typified by pinyon-juniper woodlands at lower elevations, lodgepole pine 
(Pinus contorta), Douglas-fir (Psuedotsuga menzii), and quaking aspen (Populus 
tremuloides) at intermediate elevations, and sub-alpine fir (Abes lasiocarpa) and 
Engleman spruce (Picea engelmannii) at higher elevations. All study plots were between 
roughly 2750 m and 3050 m elevation . 
Although there are some extensive aspen stands along the north slope of the 
Uintas, much of the aspen forest consists of relatively small stands in riparian areas and 
small stands embedded in conifer forests both at the base and along the ridges of the 
drainages. Riparian stands are generally surrounded by a matrix of sagebrush (Artemisia 
spp.) and grass meadows with occasional willow patches (Salix spp.). 
Study design 
To assess whether cavity-nesting birds se lected nest sites based on both within-
. stand structure and landscape context, I used a two-by-two factorial design comparing the 
Landscape 
Context 
Stand Structure 
Dense Sparse 
Meadow Meadow 
Dense Sparse 
Forested Forested 
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Fig. 3-1. Experimental design for the selection of aspen stands by cavity-nesting birds in 
the Uinta Mountains, Utah. See text for definition of stand structure and landscape 
context. 
use of four types of aspen stands (Fig. 3-1 ). In addition to searching all stands for nests, I 
augmented natural cavities with nest boxes. I placed 120 nest boxes in 12 aspen stands 
(IO per stand; 3 stands per category) in 1997. Because it appeared that sample sizes 
would be low, I added another 120 boxes in 12 more stands in 1998. 
Selection of stands 
To investigate the effects of landscape context , aspen stands were selected that 
bordered meadows(> 50% of their edge bordering meadow), or that were in a forested 
matrix ( < 10% of their edge bordering meadow) . I used a vegetation map in a geographic 
information system (GIS) to select the stands at this level. The map had 30m resolution 
and was created from Landsat Thematic Mapper satellite imagery. To look at the effects 
of stand structure, aspen stands were characterized as dense (> l 00 stems per 0.04 ha) or 
sparse ( < 50 stems per 0.04 ha). I made these selections by visiting the stands chosen 
with the GIS and assessing stem density in the field. 
I placed 10 nest boxes in each selected aspen stand in mid-May. Boxes were 
placed approximately 20 m apart, in grids which varied slightly in configuration 
depending on the shape of the aspen stand .. All boxes were placed 2 m off the ground 
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with the entrance facing east, the general direction that cavities in other sites on the north 
slope of the Uintas tend to face (pers. obs.). The actual trees on which the boxes were 
placed were selected randomly, but all were greater than 12 cm dbh ( diameter at breast 
height). The 120 boxes erected in 1997 were used for 2 years of the study, whereas those 
erected in 1998 were used for 1 year. Because aspen stands varied in size, I defined an 
area that extended approximately 50 m from the outer boxes in the grid as the box-plot. 
This area was approximately 2 ha for all box-plots. 
Although I selected the aspen stands according to the proportion of their edges 
bordering meadow and the density of trees within the stands, there are other within-stand 
characteristics that clearly might influence the nest-site selection process of cavity-
nesting birds, including tree sizes (Scott et al. 1980, Hare stad and Keisker 1989), snag 
density (Raphael and White 1984 ), canopy height (Gutzwiller and Anderson 1987), and 
degree of rot of individual trees (Daily 1993). Because I was unable to control for all of 
these other factors, I se lected five within- stand characteristics and measured them by 
taking 10 samples at each of the 24 box-plots. I used a 0 .04 ha plot centered at each of 
the trees supporting a nest box to estimate the number of trees, snags, and trees > 23 cm 
dbh . I estimated canopy height at each of the trees by measuring the height of an average 
tree in the 0 .04 ha plot using a clinometer. The degree of heart rot was estimated by 
taking a tree core at a height of 1.5 m using an increment borer. I used the percentage of 
the core that was rotten as an index of rot. 
Relationships between cavity nesters and landscape patterns are less well 
established, but a number of landscape patterns might influence nest-site selection as 
well. The area of meadow around the stand might be a measure of the area available for 
foraging for some of the species such as Mountain Bluebirds and Tree Swallows. 
Likewise the distance to a stream might be important for riparian-associated species such 
as Red-naped Sapsuckers and Tree Swallows (Dobkin et al. 1995, Robertson et al. 
1992) . I measured these two landscape factors and compared the box-plots across the 
four categories. 
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I measured both the area of meadow in the vicinity of an aspen stand and the 
distance to the nearest stream with the same vegetation map used for the selection of the 
stands. I calculated the area of meadow surrounding the stand using a 26 ha sample 
square. Selecting a plot-size for sampling landscape-level patterns is difficult and is often 
done arbitrarily . Studies have used sample units based on the size of mapping units (e.g., 
Farina 1997), the size of some biologically related area such as territory size (e.g., 
Sedgwick and Knoft 1992), and seemingly arbitrary sizes (e.g. , Pearson 1993, Andries et 
al. 1994) . The 26 ha plot that I selected was derived from estimated homerange sizes for 
the suite of cavity nesting species. With the exception of the Tree Swallow, which may 
range several kilometers while foraging (Robertson et al. 1992), a 26 ha plot 
encompasses the area around each stand that is likely to be used during the breeding 
season by any cavity nester nesting within the plot. 
I compared the two landscape-level characteristics of the four types of aspen 
stands using Kruskal-Wallis tests. Nonparametric tests were used for these variables 
· because neither the data nor transformations of the data met the assumptions of an 
analysis of variance . The within-stand characteristics were compared using nested 
analyses of var iance . Transformations (arcsine, log, and power transformations) were 
used to meet the assumptions of the test. I used Bonferoni corrections, to account for the 
multiple univariate comparisons, for both sets of statistical tests . 
Nest searches and nest tree description 
I checked all boxes at least once a week from the middle of May to the middle of 
August in both years of the study. In addition, I checked the boxes two times during the 
summer of 1999 to determine whether box occupancy was increasing over a three year 
period. Each time I checked the boxes I recorded whether or not the box contained a 
nest, nesting material, eggs, or nestlings. If the box contained a nest, I recorded the 
species using the box, as well as the number of eggs and/or nestlings. 
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I searc hed each of the box-plots for nests of primary and secon dary cavity-nesting 
birds in natural cavities four times between June first and the middle of August. Nests 
were located by following birds to cavities . The behavior of the adult birds (e.g., 
frequency of visits, cavity occupancy, and food provisioning) or the presence of nestlings 
was used to assess whether the cavity contained an active nest. Nest locations were 
recorded and nests were marked by placing flagging at least 5 m from the nest. In late 
summer, after nestlings fledged, I measured a number of characteristics of each of the 
trees containing a nest (see above). 
At the end of each nesting season I searched the box-plots for all cavities, 
recording those cavities greater than 2 cm in diameter. Cavity availability in these plots 
changed only slightly over the 2-year period (a total of three new cavities were excavated 
in 1998, and no cavities were lost to fallen trees) . Because I did not climb trees , I was 
unable to inspect cavities >2 m off the ground. Thus, it is possible that I overestimated 
the number of cavities in each box-plot by counting some holes that were not fully 
excavated cavities. 
I made all comparisons of the use of the four stand types using log-linear models 
(Fienberg 1980). I compared the number of nests in natural cavities of all birds, primary 
cavity nesters, and secondary cavity nesters. I also compared the number of cavities in 
each plot, the number of pairs of birds nesting in boxes, and the number of boxes used by 
birds . I counted a pair of birds as nesting in a box if eggs were actually laid . The number 
of boxes used by birds was a liberal measure that included any box that showed signs of 
nest building. Used boxes included those with nests, those with dummy nests (boxes 
filled with sticks by House Wrens), and those with a thin layer of grass and feathers. 
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Although the study spanned two years, and thus 12 boxplots were standing for both years 
of the study, the only data I used in the analyses were those collected the first year that 
each box plot was established . 
RESULTS 
The box -plots differed significantly in terms of the area of meadow in the 
surrounding 26 ha , the number of large trees (> 23 cm dbh) , and canopy height (Table 3-
1). Stands in a meadow context were surrounded by more meadow within a 26 ha area 
(Kruskal-Wallis x2 = 15.914 , df = 3, P < 0.05), sparse stands had more large trees than 
did dense stands (ANOVA F = 9.73, df = 3, P < 0.05), and stands with forested edges 
tended to have taller canopies (ANOV AF= 24.30, df = 3, P < 0.05). 
Nests in natural cavities 
I found a total of 40 nests belonging to eight species of cavity-nesti ng birds in 
natural cavities in the 24 box-plots (Table 3-2). There were three species of primary 
cavity nesters including : Red-naped Sapsucker s (Sphyrapicus nuchalis), Northern 
Flickers, and Red-breasted Nuthatches (Sitta canadensis). There were five species of 
seco ndary cavity nesters including : Mountain Bluebird s, Tree Swallows, House Wrens , 
Mountain Chickadees (Parus gambeli), and Northern Saw-whet Owls (Aegolius 
acadicus). 
The number of nests in natural cavities was associated with both within-stand 
structure (scaled deviance [D] = 6.57 , df = 1, P < 0.05) and landscape context (D = 34. 14, 
df = 1, P < 0.0005) . A separate analysis of the primary and secondary cavity nesters 
. showed slightly different results. Primary cavity nesters were associated with landscape 
context (D = 10.97, df=l, P < 0.001) but not with within-stand structure (D =1.98 , df =l , 
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Table 3-1. Results of Kruskal-Wallis tests for landscape-level variables and nested 
analyses of variance for within-stand variables for the comparison of four types of aspen 
stands in the Uinta Mountains, Utah. 
Mean± SE 
Dense Sparse Dense Sparse Kruskal-Wallis Nested ANOV A 
Stand characteristics meadow meadow forested forested x2.df F. df p 
Landscape context 
meadow area (ha) 9.4 ± 3.7 11.6± 2.8 4.0 ± 1.7 2.7 ± 2.3 15.914. 3 0.00 12* 
distance to stream(m) 126 ± 128 246 ± 286 454 ± 250 279 ± 131 8.097. 3 0.0440 
Within-patch structure 
number of trees > 23cm 4.4 ± 4.9 6.0 ± 5.7 1.5 ± 1.7 7.8 ± 4.9 9 73. 3 0.0001 * 
number of snags 3.3 ± 5.1 2.6 ± 3.4 2.5 ± 2.3 4.8 ± 3.5 346. 3 0.0176 
canopy height (m) 12.9 ± 4 .2 13.1 ±4 .0 16.4 ± 4.4 18.8 ± 5.1 24 .30, 3 0.000 1 • 
% rot 19 ±28 27 ± 31 24 ± 30 22 ±29 0 .81, 3 0.4877 
* indicates significance at the 0.05 level, using a Bonferoni correction for computing six 
univariate tests . 
P > 0.05). Secondary cavity nesters, on the other hand, were associated with both within-
stand structure (D = 4.61, df = 1, P < 0.05) and landscape context (D = 23 . 17, df = 1, P < 
0.0005). 
Although the numbers of nests of each species were too small to statistically test 
for any associations between individual species and stand type, there did appear to be 
some general patterns (Fig. 3-2). The sparse meadow stands had the highest diversity of 
cavity-nesting birds (eight species). The dense meadow stands had the second most 
species (five species). The only birds that nested in forested stands included two pairs of 
Mountain Chickadees, one pair of Red-breasted Nuthatches, and one pair of Saw-whet 
Owls. 
Table 3-2. The number of cavity-nesting birds nesting in natural cavities in four types of 
aspen stands classified by landscape context and density of trees. 
Meadow 
Forested 
Primary cavity nesters 
Dense Sparse 
3 9 
1 0 
Secondary cavity nesters 
Dense Sparse 
8 17 
0 2 
(/) 
U) 
(!) 
z 
A Dense-Meadow 
NOFL RNSA HOWR MOBL MOCH RBNU TRES SAOW 
C Dense-Forested 
NOFL RNSA HOWR MOBL MOCH ABNU TAES SAOW 
88 
8 Sparse-Meadow 
NOFL RNSA HOWR MOBL MOCH RBNU TAES SAOW 
D Sparse-Forested 
NOFL ANSA HOWR MOBL MOCH RBNU TAES SAOW 
Fig. 3-2 . Numbers of nests of all species of cavity-nesting birds nesting in natural 
cavities in each of four types of aspen stands in the Uinta Mountains, Utah 
(HOWR=House Wren, MOBL=Mountain Bluebird, MOCH=Mountain Chickadee , 
NOFL=Northem Flicker, RBNU=Red-breasted Nuthatch, RNSA=Red-naped Sapsucker, 
TRES=Tree Swallow, SAOW=Saw-whet Owl) . 
89 
Nest trees 
In general, birds tended to nest in larger trees that showed some sign of decay 
(Table 3-3). Canopy cover at nest trees was variable, ranging from approximately 21 % at 
both a Tree Swallow and a Mountain Blue bird nest to 100% at a Red-breasted Nuthatch 
nest. Overall, there were more nests built in snags than predicted by relative snag 
abundance (X2 =21.6, df=l, P < 0.001). Approximately 22% of all nests were built in 
snags, whereas snags composed only 5.5% of trees sampled (Table 3-4). This pattern 
was not consistent across species, however. A little over one-quarter of Red-naped 
Sapsucker nests and half of all Mountain Chickadee nests were built in snags, but no 
House Wren, Tree Swallow, nor Northern Flicker nests were built in snags. In addition 
to the overall preference for snags, birds exhibited a preference for trees bearing fungal 
conks (X2 =71.7, df= 1, P < 0.001). Forty-four percent of all nests were built in trees with 
fungal conks, whereas eight percent of randomly sampled trees had fungal conks (Table 
3-4). 
Table 3-3 . Mean± SD of characteristics of nests of all cavity-nesting birds found in 
natural cavities in 24 aspen plots classified by both landscape context and stand 
structure. Refer to Fig. 3-2 for an explanation of the species abbreviations. 
SQecies n Tree Height Tree dbh % CanoQ~ % Rot 
HOWR 2 16.5±5.l 25.3 ± 2.5 88.0 ± 8.1 92.0 ± 3.5 
MOBL 3 8.4 ± 3.8 22.5 ± 3.5 66.7 ± 20.3 80.0 ± 17.3 
MOCH 10 13.9 ± 5.2 25.8 ± 3.9 77.9 ± 12.2 75.0 ± 29.5 
NOFL 5 10.3 ± 2.0 27.2 ± 2.6 57.1 ± 14.5 69.0 ± 8.9 
RBNU l 3.7 14 100 100 
RNSA 7 11.6±5.2 26.9 ± 4.9 71.0 ± 26.0 85.7 ± 16.2 
TRES I l 11.6±3.0 25.1±5.0 60.9 ± 21.3 68.6 ± 19.0 
SAOW 24.8 35 75 0 
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Table 3-4. Use of snags and trees with fungal conks, by all species of cavity-nesting birds 
in plots in 24 aspen stands in the Uinta Mountains, Utah. See Fig. 3-2 for an explanation 
of species abbreviations. 
% Nests in Trees 
S2ecies n % Nests in Snags with Fungal Conks 
HOWR 2 0 0 
MOBL 3 33 33 
MOCH 10 50 70 
NOFL 5 0 20 
RBNU 1 100 0 
RNSA 7 29 43 
TRES 11 0 55 
SAOW 1 0 0 
All Nests 41 22 44 
Cavity availability 
I found a total of 270 cavities in the 24 box-plots (Table 3-5). Cavity availability 
was associated with within-stand structure (D = 174.9, df = l, P < 0.0005). In addition , 
there was a significant interaction between landscape context and within-stand structure 
(D = 4 .6, df = l, P < 0.05), indicating that cavity availability was also associated with the 
four combinations of the two factors. The number of nests of both primary and 
secondary cavity-nesting birds in each plot was positively correlated with the number of 
cavities in each plot (Spearman correlation, r.i = 0.74, P < 0.00 l, r
5 
= 0.48, P < 0.05, Fig. 
3-3). Furthermore, the number of secondary cavity nesters nesting in each of the stand 
types did not differ from the numbers predicted by the availability of cavities (X2 =2.34, 
df=l, P > 0.10). 
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Table 3-5. The number of cavities in four types of aspen stands classified by landscape 
context and density of trees. 
.t3 
(/) 
(!) 
z 
Meadow 
Forested 
8 
6 
4 
2 
•• 
0 
0 
Dense 
103 
8 
• pnmary 
• secondary 
• 
• 
• 
• • •• 
8 16 
Sparse 
135 
25 
• 
24 
• 
Cavities 
• 
• • 
• 
32 40 
Fig . 3-3 . Plot of the number of nests of both primary and secondary cavity-nesting bird s 
vs . the number of cavities in 24 plots in aspen stands in the Uinta Mountains, Utah . 
Nest boxes 
Birds nested in a total of five nest boxes (Table 3-6). Four Tree Swallow pairs 
and one Mountain Bluebird pair laid eggs in boxes in a total of three aspen stands. 
Although only a small portion of the available boxes were used for nesting, all of those 
boxes were in sparse meadow stands. Box occupancy patterns did not change in the 
second year or the third year that the boxes were standing. 
Table 3-6. Nest-box occupancy in four types of aspen stands classified by landscape · 
context and density of trees. 
Meadow 
Forested 
Dense 
3 
0 
Use 
Sparse 
16 
0 
Dense 
0 
0 
Nests 
Sparse 
5 
0 
A more liberal estimation of box use revealed that a total of 19 boxes were used 
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by birds over the course of the study (Table 3-6.) Whereas five of these boxes contained 
actual nests, 11 of the other 14 boxes contained dummy nests built by male House Wrens . 
The remaining three boxes contained the beginnings of Tree Swallow nests. All but three 
of the used boxes were in sparse meadow stands . Three boxes in a dense meadow stand 
contained dummy nests built by House Wrens. Again , the apparent association between 
both box use and stand structure (D = 8.67 , df = 1, P < 0.005) and that between box use 
and landscape context (D = 21 .08 , df = 1, P < 0.0005) should be considered with the 
small sample size in mind. 
In addition to the five bird nests and the aditional 11 boxes with signs of use , 
Northern Flying Squirrels (Glaucomys sabrinus) nested in three nest boxes, all of which 
were in dense forest stands. Unlike the birds which showed no sign of increase in box 
use in the second year , squirrels nested in a total of 22 boxes the second year after the 
boxes were errected . Of these nests, 12 were in dense forested stands, 6 in dense 
meadow stands, and 4 in sparse forested stands. No squirrels nested in sparse meadow 
stands. 
DISCUSSION 
Birds have been found to be associated with patterns of vegetation at several 
different spatial scales (Gutzwiller and Anderson 1987a, Bergin 1992, Sedgwick and 
93 
Knopf 1992, Saab 1999), which may reflect underlying hierarchically structured 
ecological processes (Allen and Starr 1982, O'Neill et al. 1986). I found that cavity-
nesting birds in the Uinta Mountains appear to respond to patterns of vegetation at at least 
two spatial scales. They discriminated between aspen stands on the basis of a few 
aspects of within-stand stmcture and landscape context. 
I classified aspen stands on the basis of the density of trees (representing within-
stand structure) and the percentage of stand edge bordering meadow (representing 
landscape pattern). I found, however, that these factors were correlated with other 
aspects of within-stand structure and landscape pattern. Sparse aspen stands were 
characterized by having more large trees than dense stands. I also found that stands with 
more meadow edge were associated with larger areas of meadow within 26 ha. This 
relationship supports the classification of these stands as being in a meadow context. 
Finally, stands with predominantly forested edges tended to have taller canopies . This 
factor could effect the nest-site selection process if birds select taller trees to reduce the 
risk of predation (Li and Martin 1991 ). 
The fact that cavity nesters tended to nest in sparse stands is consistent with the 
findings of similar studies of cavity-nesting birds in the intermountain west (Flack 1976, 
Brawn 1988, Parren 1991 ). Forest structures that are more open may allow cavity nesters 
to detect approaching predators (Belles-Isles and Picman 1986, Harestad and Keisker 
1989) and provide easier access to the nest for the adults carrying food. Cavity nests in 
more open habitats have also been shown to be more successful than those in more dense 
cover (Finch 1989, Li and Martin 1991). In addition to their association with more sparse 
forests, cavity-nesting birds are known to be associated with larger diameter aspen trees 
(Flack 1976, Scott et al. 1980, Raphael and White 1984, Harestad and Keisker 1989). 
Aspen are generally relatively weak trees, making them prone to breaking. Trees with 
larger diameters may be less prone to snapping, particularly where cavities have been 
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excavated (Raphael and White 1984, Harestad and Keisker 1989). Also, trees with larger 
diameters may allow for the construction of cavities with more insulation, which in turn 
may be related to nesting success (O'Connor 1978). 
Associations between cavity-nesting birds and landscape patterns have received 
less attention than habitat associations at more traditional spatial scales. Birds do, 
however, appear to be associated with patterns and processes occurring at landscape 
scales (Gutzwiller and Anderson 1987, McGarigal and McComb 1992, Freemark et al. 
1995) . I found both a larger number of birds and a greater diversity of bird species 
nesting in aspen stands that had meadow edges, and that were surrounded by larger areas 
of meadow. The landscape context, or the nature of the surrounding area is likely to play 
a role in the process occurring within a patch or stand (Forman and Godron 1986, Kotliar 
and Wiens 1990) . 
Of the two most abundant primary cavity-nesting birds in my study , Northern 
Flickers are known to be associated with open edges (Conner and Adkisson 1976, 1977), 
but Red-naped Sapsuckers are not. I found, however, that Red-naped Sapsuckers may 
also select nest sites near edges. Red-naped Sapsuckers have been known to use a 
variety of food resources throughout the nesting period. They feed on sap from several 
species of trees, the cambium of willows, and insects (Ehrlich and Daily 1988, Ehrlich et 
al. 1988). Nesting in the center of various feeding habitats might reduce the amount of 
travel between them . Likewise travel across open spaces to reach these habitats might be 
more efficient than travel through either aspen or conifer forests. 
Three of the species of secondary cavity nesters in the present study are known to 
be associated with forest edges. Tree Swallows, Mountain Bluebirds, and House Wrens 
are all edge-associated species (Ehrlich et al. 1988, Rendell and Robertson 1990). 
Mountain Bluebirds and Tree Swallows forage extensively in open areas (Ehrlich et al. 
1988, Robertson et al. 1992) and thus may nest near edges to reduce commute time, and 
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hence energy expended flying between feeding and nesting habitat (Dobkin et al. 1995). 
House Wrens do not seem to be as common on the north slope of the Uinta Mountains as 
they are in similar areas in the west (Finch 1990, Li and Martin 1991, Dobkin et al. 
1995). Only two pairs of House Wrens nested in any of the plots in the present study. 
Both of these nests, as well as all eleven dummy nests, were built in stands with 
predominantly meadow edges . 
Primary cavity nesters often provide the bulk of cavities used by secondary cavity 
nesting birds (Raphael and White 1984). Not surprisingly, I found that the number of 
cavities in a plot was correlated with the number of nests of primary cavity-nesting birds 
in a plot. In addition, I found that the number of secondary cavity nesters nesting in a 
plot was also correlated with the number of cavities in a plot. Because there were so few 
cavities in the stands with forested edges, it would have been difficult to address the 
question of landscape context for secondary cavity nesters without the use of the nest 
boxes. Unfortunately, because so few boxes were actually occupied, my evidence for 
nest-site selection at two spatial scales is weak for secondary cavity nesters. Augmenting 
natural cavities with nest boxes addressed nest site selection in Tree Swallows and 
Mountain Bluebirds, but it may not have addressed the process in House Wrens and 
Mountain Chickadees adequately. Neither Mountain Chickadees nor House Wrens 
nested in any of the boxes, indicating that natural cavities were more suitab le, and not 
limiting, or alternatively that the boxes were not suitable for these species. If the latter is 
true, the analysis of both House Wren and Mountain Chickadee nests in .natural cavities 
may be confounded by cavity availability. 
Cavity-nesting birds have been found to select nest sites based on tree condition 
(Kilham 1971, Daily 1993, Schepps et al. 1999). Snags, for example, have traditionally 
been found to be a key component of cavity nester habitat, both for nesting and feeding 
sites (Haapanen 1965, Raphael and White 1984, Gutzwiller and Anderson 1987). 
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Alternatively, cavity-nesting birds may not preferentially nest in snags (Sedgwick and 
Knopf 1986, 1990, Harestad and Keisker 1989, Dobkin et al. 1995), but may select live 
trees with heart rot and visible fungal conks (Kilham 1971, Crockett and Hadow 1975, 
Daily 1993). Fungal infections, even when not readily visible on the exterior or a tree, 
often render the heartwood rotten and thus easily excavated, while leaving the sapwood 
of the tree intact and structurally supportive (Kilham 1971, Conner et al. 1976, Hinds 
1985). Overall, birds in the present study tended to nest in snags in greater proportion to 
their availability as well as in trees with fungal conks and a large amount of heart rot. 
However, because neither snag density nor degree of rot differed across the four types of 
aspen stands, I concluded that selection of specific trees did not affect the selection of 
stands . The selection of specific trees may occur at a smaller scale distinct from that of 
the stand. 
Predators can have a large impact on nesting success and thus may influence nest-
site selection (Ricklefs 1969, Martin 1992). Both squirrels and chipmunks have been 
shown to be predators of cavity nests (Martin 1988, Reitsma et al. 1990, Purcell and 
Verner 1999). However, the effects flying squirrels on nest success are not well known 
(Mitchell et al. 1999). Northern Flying Squirrels (Glaucomys sabrinus) only nested in 
three nest boxes in the first year after the boxes were erected and thus probably had little 
effect in terms of either being competitors or predators on the birds in the study . 
However, the fact that squirrels nested in 22 boxes the second year indicates that squirrels 
may be fairly abundant, particularly in dense and forested stands. Flying squirrels have 
been found to be associated with higher tree densities (Peterson and Gauthier 1985), 
possibly due to their unique inter-arboreal traveling adaptation. If flying squirrels are 
both nest-site competitors and nest predators, they may provide one of the key 
· mechanisms for the selection of sparse meadow stands by cavity-nesting birds. 
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Mature aspen stands in meadow contexts appear to be an important component of 
habitat for cavity-nesting birds in the Uinta Mountains and other similar western 
mountain ranges (Dobkin et al. 1995) . The structure of the stand, the condition of the 
trees, and the landscape context are all likely to play a role in the habitat selection 
process. Thus, this work highlights the importance of continuing to expand our scope of 
investigation and our notion of management to include landscape-scale process as well as 
more traditional stand scale processes. In many places in the Uinta Mountains, tie-
hacking, fire-suppression, and cattle-grazing have prevented the development of mature 
aspen stands in meadow contexts . Tie-hacking (logging that occurred in the early 1900's 
for the building of the railroads) dammed small streams and then released them to send 
thousands of acres of timber downstream to saw mills. This practice left riparian areas 
scoured and devoid of vegetation . The more recent practices of both cattle grazing and 
fire suppression may further limit the establishment of riparian aspen stands in meadow 
contexts by limiting regrowth and encouraging encroachment by conifers . Management 
and conservation that take into account processes occurring at multiple spatial and 
temporal scales may be necessary to adequately address many, if not all systems. 
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CHAPTER4 
BUILDING AND TESTING LANDSCAPE-HABITAT MODELS 
FOR FOUR SPECIES OF CAVITY-NESTING BIRDS 
INTRODUCTION 
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Animal habitat models are frequently used as management tools for predicting 
both species presence and suitable habitat. Traditionally, these models have been based 
on associations between the occurrence of a species and the composition and structure of 
vegetation at relatively small spatial scales (Verner et al. 1986, Morrison et al. 1992). 
More recently it has been recognized that animals, particularly birds , also respond to 
landscape patterns at larger spatial scales (Forman and Godron 1986, Freemark and 
Merriam 1986, Blake and Karr 1987) . Therefor, it may be possible to build predictive 
habitat models using associations with landscape patterns that increase the generality , 
accuracy, and ease of application of more traditional , small-scale habitat models . 
To be useful management tools, predictive models should be accurate, general, 
and easily applied (Van Horne and Wiens 1991 ). Because it is often difficult to 
simultaneously maximize all three of these characteristics, one or two are favored at the 
expense of the other(s) . Models are often built to maximize generality and ease of use . 
Describing a model as easy to use implies that manipulating and running the model is not 
a difficult task, and that a minimal amount of effort is required to collect the data needed 
to make predictions. The gap analysis project (GAP) models (Scott et al. 1993), and 
wildlife habitat relationships (WHRs) (Salwasser 1982) are examples of models that are 
very easy to use and exhibit a high degree of generality. WHR model s use pertinent 
literature and expert opinion to build a data base consisting of range maps, species notes, 
a list of special habitat requirements, and a matrix of suitability levels for each species 
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given different habitat factors (Verner and Boss 1980, Dedon et al. 1986). The GAP 
models combine vegetation associations and knowledge of vertebrate species occurrences 
to produce region-wide prediction maps of vertebrate distributions (Scott et al. 1993, 
Edwards et al. 1996). These types of models may be relatively accurate for addressing 
questions of species richness when managing for biodiversity at ecosystem- or state-wide 
spatial scales (Raphael and Marcot 1986, Edwards et al. 1996), but are less accurate for 
addressing questions involving individual species occurrences at smaller spatial scales . 
This is not a failure this type of model, but rather a realized limitation of their 
applicability. 
Models that are built with more detailed data are often more accurate at smaller 
spatial scales than region-wide models like those developed by the National GAP . One 
example of this type of model is the habitat suitability index (HSI). HSis use a collection 
of data gleaned primarily from previously published studies to build suitability curves 
defining the relationships between species abundance and a set of habitat variables (U . S. 
Fish and Wildlife Service 1981 ). The accuracy of an HSI depends in part on its 
generality. Stauffer and Best (1986) showed that different HSI models may often be 
needed for different habitat types. They concluded that for some species , models built 
with data collected across a number of habitat types may be too general to be accurate in 
any one habitat type. Nonetheless, HSis are designed to make predictions about habitat 
suitability at scales that are relevant to local managers, such as that of a reserve or 
national park. At these scales they are more accurate than the larger-scale models such as 
those of the national GAP. 
The basis for most avian habitat models is long-recognized associations of birds 
with various aspects of the structure and composition of vegetation (Lack 1933, Grinnell 
1917, James 1971, Cody 1985). Hilden (1965) pointed out that these patterns of 
vegetation may provide birds with proximate cues for so-called ultimate factors such as 
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predation, environmental stresses, and competition. Recently , pattern s of vegetation at 
landscape scales have been shown to play a significant role in habitat selection process 
(Dunning et al. 1992, Freemark et al. 1995). Reflecting this knowledge, a number of 
avian habitat studies have begun to look at associations with landscape patterns as well as 
those focused at finer scales (Gutzwiller and Anderson 1987, Bergin 1992 , Saab 1999, 
Sodhi et al. l 999). Through such investigations at larger scales, birds have been shown 
to be associated with basic landscape patters such as patch size (Freemark and Merriam 
1986, Freemark and Collins 1992), patch edges (Norment 1991, Hawrot and Neimi 
1996) , fragmentation (Robinson 1992), and the physical arrangement of patches of 
vegeta tion (S trong and Bock 1990, Hansen and diCastri 1992). 
Here, I modeled landscape-level habitat associations for four spec ies of cav ity-
nesting birds nesting in aspen stands in the Uinta Mountains in northeastern Utah. 
Cavity-nesting birds are known to make up a large portion of birds nesting in aspen 
forests in the west (Wintemitz 1980, Dobkin et al. 1995). They are an interesting group 
to study because they all share a unique nesting habit , yet can have quite a broad range of 
feeding habits and other life history traits. I studied Red-naped Sapsuckers (Sphyrapicus 
nuchalis), Northern Flickers (Colaptes auratus), Tree Swallows (Tachycineta bicolor), 
and Mountain Chickadees (Parus gambeli). All four of these species are likely to be 
associated with patterns of vegetation at landscape scales. Both Northern Flickers and 
Tree Swallows are known to be associated with forest edges that border open areas 
(Conner and Adkisson 1976, 1977, Rendell and Robertson 1990). In addition, Tree 
Swallows are aerial insectivores that need large open areas to feed and thus are likely to 
be associated with this type of feature as well (Robertson et al. 1992) . Mountain 
Chickadees feed on insects, primarily by foraging on leaves and branches (Ehrlich et al. 
1988). This habit , combined with the fact that they do not tend to spend time in 
meadows, leads to the prediction that Mountain Chickadees are likely to be associated 
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with forested areas and have no particular affinity for edges or open areas , possibly due to 
increased risk of predation (Wilcove 1985, Ambule and Temple 1983, Yahner 1988, 
Paton 1994 ). Finally, Red-naped Sapsuckers are known to exploit a number of different 
food resources, including willow bark , tree sap, and insects (Ehrlich and Daily 1988, 
Ehrlich et al. 1988). Sapsuckers may select nest sites in landscapes that provide access to 
thi s diverse set of resources. 
The objective of this study was to build predictive habitat models that were 
accurate, general, and easy to apply. To build the models I first located nests of all four 
species of cavity-nesting birds at 11 field sites. I recorded the positions of the nests and 
then measured several aspects of landscape pattern at the nests and at randomly selected 
non-nest points, using a digital vegetation map in a geograp hic inform ation system (GIS). 
I measured a set of relatively basic pattern metrics such as the area of different vegetation 
types, the number of patches and the size of the largest patch of each of these vegetation 
types, the length of aspen-meadow edge, and patch richness . I then built classification 
tree models (Breiman et al. 1984) that used a number of the landscape patterns to discern 
between nest and non-nest points. To test the accuracy and the generality of the models , I 
built prediction maps for five new field sites and searched these sites for nests . To see if 
the models were more selective than larger scale models that would use only gross habit at 
associations, I compared the predictions of the model s I built to those of null models that 
classified all aspen forest as suitable habitat. 
METHODS 
Study area 
The study was conducted along the northern slope of the Uinta Mountains in 
northeastern Utah (see Fig. 2-1), and covered an area of approximately 450 km2. The 
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north slope of the Uintas is dominated by lodgepole pine (Pinus contorta), and aspen . 
forests (Populus tremuloides) at lower elevations , and mixed Engelmann spruce (Picea 
engelmannii) and subalpine fir (Abies lasiocarpa) forests at higher elevations. I se lected 
16 study sites along second and third order streams. Sites were between 25 and 400 ha in 
size and 2750 m and 3050 m in elevation. Study sites each encompassed a riparian area 
and each of four general vegetation associations (aspen forest, conifer forest, sage-grass 
meadows, and willow riparian) that characterized the Uintas. These qualifications were 
necessary to accommodate the general habitat requirements of each of the four bird 
species. Red-naped Sapsuckers are mainly a riparian species, and use a variety of 
vegetation types for feeding, including coniferous trees, willow shrub s, and aspen trees. 
Northern Flickers forage for insect s on the ground specia lizing in ants (Ehrlich et al. 
1988, Moore 1995) . Tree Swallows, on the other hand, forage above meadow s, riparian 
areas, and open water. Finally, Mountain Chickadee s forage in both aspen and conifer 
trees. 
Study species 
The study was limited to four species of cavity-nesting birds that (with the 
exception of Mountain Chickasdees) primarily nest in aspen trees in the Uinta Mountains. 
Although several other species of cavity-nesting birds nest on the north slope of the Uinta 
mountains, only the four species used in the study occurred in numbers large enough for 
analysis. I did not include: Hairy Woodpeckers (Picoides villosus), Three-toed 
Woodpeckers (Picoides tridactylus), Downy Woodpeckers (Picoides pubescens), 
Williamson's Sapsucker (Sphyrapicus thyroideus) , Red-breasted Nuthatches (Sitta 
canadensis), White-breasted Nuthatches (Sitta carolinensis), Violet-green Swallows 
(Tachycineta thalassina), House Wrens (Troglodytes aedon), or Mountain Bluebirds 
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(Sialia currucoides). There were no European Starlings (Sturnus vulgaris) at any of the 
sites. 
Study design 
To determine whether it was possible to build relatively accurate and general 
models that were easy to use , I built and tested predictive models using a series of metrics 
that described landscape patterns. Of the 16 field sites used in the study, 5 were searched 
for nests in 1996, 6 in 1997, and 5 in 1998. I built predictive models for each of the four 
species with data collected from the 11 sites searched in 1996 and 1997. I then created 
prediction maps for the five 1998 sites and tested the maps in the field. I considered, but 
discarded, an alternative approach of combining all of the data and randomly selecting a 
subset of the sites for building models and using the remainder of the sites for testing the 
models. Such an approach would spread the variation due to annual differences in nest 
selection behavior (i .e. , due to weather, competitors, predation) throughout the building 
and testing data sets. However, I chose to use the first two years to build the models and 
1998 for the test year as a test the ability of models to predict across time and as well as 
space. 
Nest searches and data collection 
I first mapped the aspen at each of the sites using aerial photos. I then 
sys tematically searched all of the aspen at each site for nests from early June to early 
August. Nests were primarily found by following adults to cavities. I then observed the 
adults at the cavity to determine whether or not they were tending an active nest. I 
recorded the location of active nests using a global positioning system (GPS). In 
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addition, nest locations were marked on the hand-drawn maps to allow for verification of 
nest locations in a geographic information system (GIS). 
I also selected a number of non-nest points for comparison to the nest points. The 
non-nest points were randomly selected in proportion to the amount of unused aspen at 
each site. I defined unused aspen as the area where a sample plot could be placed without 
overlapping any sample plots at nests (see below). The amount of unused aspen , and thus 
the number of non-nest points, varied by species depending on how many nests were 
found at each site and how they were distributed. This approach allowed me to make 
species-specific comparisons of habitat used and not used by nesting birds . 
I estimated landscape metrics from a digital vegetation map classified from a 
Landsat Thematic Mapper (TM) image. I classified the satellite image into five general 
land-cover types, including conifer, aspen, meadow, willow, and cut forest. The 
vegetation map covered the north slope of the Uinta Mountains and had a resolution of 30 
m. 
I placed all of the 1996 and 1997 nest locations , as well as the randomly selected 
non-nest points on the digital vegetation map in a GIS. Sixteen plots , each of different 
· size, were centered on each nest and non-nest location. Plots ranged in size from 0.8 ha 
to approximately 11 km2. By using a range of sample plot sizes, I hoped to capture the 
various scales at which the different species responded to landscape pattern. With one 
exception, these plot sizes cover the range of homerange sizes among the four species 
(Laudenslayer and Balda 1976, Evans and Conner 1979, Walters, pers. com.). I was 
unable to use plots that estimated the homerange size of Tree Swallows, which have been 
noted to travel up to 100 km to reach foraging sites (Robertson et al. 1992). However, I 
believe that a plot of 11 km2 adequately covered most of the area used by the Tree 
Swallows at my study sites. 
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I used FRAGST ATS (McGarigal and Marks 1993) to calculate a set of landscape 
metrics for each sample plot (Table 4-1 ). I chose a set of landscape metrics that 
estimated both the composition and the structure of the landscape-level vegetation 
patterns . I measured the area of each vegetation type , the number of patches of each of 
the types, and the size of the largest patch of each type . I also computed the area of 
interior aspen (defined as aspen that was at least 30 m from a meadow edge) the density 
of aspen meadow edge (meters of aspen-meadow edge per hectare aspen) , and a simple 
measure of patch richness (the number of different vegetation types in the plot ). I felt 
that this set of metrics would best define the aspects of landscape pattern that might be 
meaningful to the four study species. 
Models 
I used CART (Breiman et al. 1984, Venables and Ripley 1997) to build predictive 
models for each of the four species. Decision tree models are a nonparametric alternative 
to both general linear models and generalized linear models. Response and predictor 
variables can be either continuous or categorical (requiring a regression tree or a 
classification tree , respectively), or some combination of the two . 
Tree-based models have several desirable traits that lend themselves quite well to 
the analyses of ecological data. Clark and Pregibon ( 1992) suggest four respects in which 
tree models have advantages over general linear and general linearized models . First, 
decision trees are not affected by the distribution of the data. Second, tree-based models 
are more adept at capturing nonadditive behavior and complex interactions. Third, 
decision tree models have a unique method of dealing with missing values , particularly 
when used as predictive models . Finally, because their structure is easy to conceptualize 
and graphically represent, they are often easy to interpret and explain. This latter point in 
particular is a critical aspect of building useful ecological models . 
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Table 4-1. Landscape metrics measured at all nest and non-nest points for four species of 
cavity-nesting birds in the Uinta Mountains, Utah. 
Aspen 
Willow 
Open 
Cut 
Label 
Edge density 
Aspen interior 
Patch richness 
Contagion 
Patches aspen 
Patches willow 
Patches open 
Largest patch aspen 
Largest patch willow 
Largest patch open 
Area of aspen (ha) 
Area of willow (ha) 
Landscape Metric 
Area of meadow and willow (ha) 
Area of logged forest (ha) 
Meters of aspen meadow edge per hectare of aspen 
Area of aspen > 30 m from a meadow edge 
Number of different types of patches 
A measure of how clumped patches of vegetation are (0-100 %) 
Number of patches of aspen 
Number of patches of willow 
Number of patches of meadow and willow 
Largest patch of aspen (ha) 
Largest patch of willow (ha) 
Largest patch of meadow and willow (ha) 
Tree models work by way of recursive binary partitioning . The data are grouped 
into smaller and increasingly homogenous groups (with respect to the response variable) 
until some stopping criteria is met. After trees have been "grown" they can be "pruned" 
or otherwise reduced to more parsimonious or accurate models (Brei man et al. 1984 ). I 
selected tree models by plotting the cross-validated deviance of the various trees against 
the range of possible tree sizes and selecting the model for which deviance was 
minimized (Clark and Pregibon 1992). The cross-validation procedure involved 
randomly selecting and removing 10% of the data to be used as a test set, building a 
model with the remaining 90% of the data , and then computing a measure of deviance 
with the test set. This procedure was run 10 times, averaging the 10 deviances of the 10 
runs for each of the models. I then computed a cross-validated R2 for each model in the 
same manner. 
I built 16 models for each of the four species, each using a different size sample 
square . I used cross-validated deviances to prune the 64 tree models . I then selected the 
model for each species that had the lowest Jaccard's coefficient (Krzanowski and 
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Marriott 1994). Jaccard's coefficient provides a relatively conservative estimate of 
model accuracy by dividing the number of correct predicted presences by the sum of the 
number of incorrect predicted presences, the number of correct predicted presences , and 
the number of incorrect absence predictions . The four models selected in this manner 
were then used to produce the prediction maps. 
Although the predictions derived from a classification tree are in the form of a 
factor (in this case presence or absence) , they can be represented as probabilities . I 
computed the probability of nest presence for each terminal node of the classification 
trees by dividing the number of nests in each node by the total number of points in each 
node . Thus the predicted probabilities derived from the model s are not true probabilitie s, 
but are actually sample proportion s. 
Prediction maps 
I built four prediction maps for each of the five test sites selected to be searched in 
1998. I generated landscape pattern data for each new 1998 field site by moving a square 
sample window across the sites on the digital vegetation map. The size of the moving 
window corresponded to the different sizes of the squares used to build the final four 
models . I calculated landscape metrics for each sample window using FRAGSTATS. 
By applying the classification tree models to the data for the new sites , I produced a 
prediction value for every pixel of aspen at each site. I mapped the predictions to 
produce images that included the original five classes of vegetation. Aspen, however, 
was represented by a number of different classes corresponding to the predicted 
probability of nest presence. 
I compared the area of aspen that the models predicted as having a greater than 
0.50 probability of nest presence to the total amount of aspen at each site. Although it 
would have been possible to chose a different cut-off value, 0.50 provides a conservative 
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cut-off for predicting presence based solely on the model output. The total amount of 
aspen is representative of the area that would have been classified as suitable habitat by a 
model based solely on the species associations with aspen forests. For a model to be an 
improvement over such a null model, it would have to accurately predict a relatively high 
portion of the nests and predict an area of aspen substantially less than that of the null 
model. 
Testing predictions 
In 1998 I searched five new sites, recording the position of all the nests with a 
GPS and then plotting the nests on the prediction map s. I assessed the accuracy of the 
maps by classifying the nest points as correct ly or incorrectly predicted , based on my 
prediction maps. Those nests in aspen that had been predicted to have a greater than 0.50 
probability of having nests (i.e., the sample proportion in the corresponding termina l node 
of the model was greater than 50% nests) were classified as being correct. Those nests 
that occurred in aspen that had been predicted to have less than a 0.50 probability of 
having nests were classified as incorrect. 
To address problems with the resolution of the map and the accuracy of the GPS 
locations , I placed a buffer around areas of predicted nest presence. Positions taken with 
the GPS (with a few exceptions) were accurate to within ±10 m. In addition to this 
spatial error , the process of classifying the TM imagery to create the vegetation map 
introduced a similar amount of error , estimated at ± 30 m. By creating a 30 m buffer area 
around the aspen that was predicted to have a> 0.50 probability of nest presence, I 
captured a number of nests which had been incorrectly placed in meadows or willow 
patches on the prediction maps. It also is possible that such a buffer included some nests 
which should have been counted as being incorrectly predicted. Thus the unbuffered 
maps were likely to underestimate the accuracy of the models and the buffered maps 
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were likely to produce a slightly inflated estimate of accuracy . I calculated estimates of 
accuracy based on both the buffered and the unbuffered maps . 
Finally, to see whether the four models were improvements over large-scale 
models such as those produced by the GAP, I compared the amount of suitable habitat 
predicted as by my models to that predicted by a null model. The null model worked on 
the basic assumption that all aspen forest was suitable habitat. Such a comparison 
allowed me to see how selective my models were compared to simple models based on 
gross habitat associations. 
RESULTS 
The models 
I found a total of 142 nests at the 11 field sites in 1996 and 1997. Sample sizes 
for each of the species ranged from 17 for Northern Flickers, to 45 for Red-naped 
Sap suckers (Table 4-2). Given the distribution of nests , the number of non-nest points 
varied for each of the four species. For example , the models for the Red-naped 
. Sapsucker were built using 40 non-nest points because the nests of this species were 
numerous and spread relatively evenly throughout the 11 field sites, limiting the area of 
aspen that could be sampled as non-nesting area . The models for the Northern Flicker , 
on the other hand , were built using 185 non-nest points because nests of these birds were 
more rare allowing more non-nest points to be collected. 
Models built using the 16 different size sample plots varied in their ability to fit 
the data (Appendix A). The models with the largest Jaccard's coefficient for each of the 
four species corresponded to those built with the 39 .7 ha plot for the Red-naped 
Sapsucker , the 98.0 ha plot for the Tree Swallow and the Mountain Chickadee, and 56.ha 
for the Northern Flicker. The Jaccard's coefficients for the four models ranged from 0.75 
Table 4-2. Classification tree model sample sizes and fits for four species of cavity-
nesting birds. 
Species 
Red-naped Sapsucker 
Tree Swallow 
Mountain Chickadee 
Northern Flicker 
to 0.98 (Table 4-2). 
Nests 
45 
36 
44 
17 
Non-nest 
Points 
40 
163 
108 
185 
% Nests 
Correct 
98 
94 
95 
88 
% Non-nest 
Points Correct 
100 
100 
99 
98 
Jaccard ' s 
Coefficient 
0.98 
0 .94 
0.93 
0.75 
The four models included a number of variables pertaining to the amount and 
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configuration of aspen, willow, and open areas (Fig. 4-1 ). The Red-naped Sapsucker 
model (Fig . 4-1 a) generally predicted nests where: ( 1) there was > 4.36 ha of open area 
(meadow area+ willow area) and more than 15 patches of open area, or (2) where there 
was >4.36 ha of open area, fewer than 15 patches of open area, and the largest patch of 
willow was> 1.04 ha, or (3) where there was >4.36 ha of open area, fewer than 15 
patches of open area, the largest patch of willow was < 1.04 ha and there was < 11.66 ha of 
open area. The probabilities of nest occurrence were 0 , 0.80, and 1.0 for the Red-naped 
Sapsucker (Fig. 4-1 a). 
The Tree Swallow prediction model was the only model that contained a variable 
that directly involved the conifer vegetation type (Fig. 4-1 b ). This model predicted nest 
presences where: (1) there was >35.60 ha of open area, or (2) there was <35.60 ha of 
open area, <11.30 ha of willow, and >30.69 ha of conifer, or (3) there was <35.60 ha of 
open area,> 11.30 ha of willow, and between 11.16 ha and 15.84 ha of aspen. The 
probabilities of nest presence generated by this model included 0, 0.67, and 1.0. 
The Mountain Chickadee model was the only model that incorporated the edge 
density variable (Fig. 4-lc). This model predicted nest presences where: (1) the largest 
patch of aspen was <26.37 ha, there was < 18.32 ha of aspen, and > 12.09 m/ha of aspen-
meadow edge, or (2) the largest patch of aspen was <26.37 ha, there was > 18.32 ha of 
A) Red-naped Sapsucker 117 B) Tree Swallow 
open 
open< 35.60 ha > 35.60 ha 
45/13 
~ 1.0 
. /~ 23/0 
open patches > 15 
' 1.0 
largest patch willow 
< l.04 ha 
17 /13""" 28/0 
largest patch willow> 1.04 ha 
' 1.0 
·~: :~ :16 ha w;JJowP\h~o,ife, r-~\ . ,,o .69h, 
aspen < 15.84 ha- con. 0.69 ha 1.0 
7113 
open< 11.66 ha 
/ 
1.0 
610 
10/0 
1/ 13 
C) Mountain Chicka dee 
1111 
0170 
2/26 01125 0112 11 /0 
aspe~ 84 ha 
2/3 D) Northern Flicker 
largest patch open 
< 11.57 ha 
51156 
17/185 largest patch open > 11.57 ha 
aspe n < 18.32 ha aspe n> 18.32 ha largest patch willow largest patch > l.67 ha aspen> 19.13 ha 
-
1/4 
edge density 
12 .09 
m/ha 
1.0 
2510 
open patches $ 35 
ml 
1/27 
willow< 6.80 ha 
I 
1.0 
willow < 1.67 ha \ 
wi~i;es 1111 ~ C) 
> 16 1/ 128 4/28 /6/29\ 
0.92 willow < 4.37 ha willow patches $1 l 
1211 I -' \ willow willow> 4.37 ha \ patches > 11 
0.80 11111111 0. 71 
aspen < 19. 13 ha \ 
1.0 
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willow 
4/ 1 0/27 1/27 5/2 
> 6.80 ha 
510 0/6 
FIG . 4-1. Classification trees modeling the presence of (a) Red-naped Sapsucker nest 
sites, (b) Tree Swallow nest sites, (c) Mountain Chickadee nest sites, and (d) Northern 
Flicker nest sites. Rectangles represent terminal nodes of the tree . The number in the 
rectangles are the probabilities of nest presence calculated using the proportion of nests at 
each node . Numbers below the nodes represent the number of nests and non-nest points 
at each node (nests/non-nest points). Finally , the shading of the terminal nodes (black or 
grey) indicates< 0.50 probability and> 0.50 probability of nest presence , respectively . 
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aspen, and there were more than 16 patches of willow , or (3) the largest patch of aspen 
was <26.37 ha , there was >18.32 ha of aspen, less than 16 patches of willow, more than 
35 patches of open area, and <6.80 ha of willow. The Mountain Chickadee model 
produced predicted probabilities of 0, 0.04, 0.20, 0.92, and 1.0. 
The Northern Flicker model (Fig. 4-ld) predicted nests where : (I) the largest 
patch of open area was < 11.57 ha, the largest patch of willow was < 1.67 ha, and there 
was <4.37 ha of aspen, or (2) the largest patch of open area was > 11.57 ha and there was 
> 19. 13 ha of aspen , or (3) the largest patch of open area was> 11.57 ha, and there was 
< 19 .13 ha of aspen , and more than 11 patches of willow. The Northern Flicker model 
predicted nest presence with probabilities of 0, 0 .04, 0.71, and 1.0. 
Prediction maps 
The 20 prediction maps (one for each four species at each of five sites) along with 
buffered prediction maps and vegetation maps of each site can be found in Appendix B. 
All four models predicted smaller areas of suitable habitat than would be predicted by a 
null model that classified all aspen as suitable habitat (Fig . 4-2) . The prediction maps for 
the Red-naped Sapsucker delineated the largest areas of aspen as nesting habitat . These 
maps predicted that between 56% and 82% of the aspen at each of the sites was suitable 
nesting habitat. Maps for the other species predicted much more modest amounts of 
suitable nesting habitat. The Tree Swallow maps, for example , predicted that between 
20% and 46% of the aspen at the different sites was suitable habitat. 
The distribution of aspen that was predicted as suitable habitat was quite different 
across the four species. The Red-naped Sapsucker maps indicated that suitable nesting 
habitat was often spread throughout the sites, but tended to be closer to meadow edges 
and not deep in the interior of aspen stands or in aspen stands surrounded by conifers. 
The Tree Swallow and Northern Flicker maps showed even a greater tendency for 
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FIG. 4-2 . Area of aspen (the predictions of a null model) and area of aspen with a greater 
than 0 .50 predicted probability of nest presence as predicted by the classification tree 
models for four species of cavity-nesting bird s at five field sites in the Uinta Mountain s. 
suitable habitat to be associated with meadow edges and closer to riparian areas . The 
Mountain Chickadee maps generally depicted rather patchy distributions of suitable 
nesting habitat (e.g., Appendix B9) . These maps predicted chickadees in islands 
of aspen, both in meadows and in conifer stands. 
Testing predictions 
I found 103 nests of the four species in 1998 at the five sites used to test the 
prediction maps (Table 4-3). Two of the sites had relatively few nests (8,9) and two of 
120 
the sites had more nests ( 43,33). All four species were found at all of the sites except one 
which was devoid of Tree Swallows. 
The models varied in their ability to correctly predict nests at the new sites (Table 
4-3). The Red-naped Sapsucker maps were the most accurate (86% nest correctly 
classified, and 97% correctly classified with a 30 m buffer) . The Tree Swallow model 
was also very accurate (53%, and 93% with the 30 m buffer). The Mountain Chickadee 
maps and the Northern Flicker maps were far less accurate. 
Table 4-3. Accuracy of the prediction maps for four species of cavity-nesting birds . The 
number of nests found at the five test sites as well as the percentage of those nests 
correctly predicted, with and without a 30 m buffer around the areas with a greater than 
0 .50 probability of nest presence are represented . 
Species 
Red-naped Sapsucker 
Tree Swallow 
Mountain Chickadee 
Northern Flicker 
Nests 
36 
15 
33 
19 
% Correctly predicted 
DISCUSSION 
86 
53 
42 
37 
% Correct with 30 m 
buffer 
98 
93 
55 
42 
The goal of this study was to produce accurate, general models that were easy to 
apply . The models for all four species of birds predicted habitat more "conservatively ," 
and were thus more specific than a model based solely on gross vegetation associations. 
The four models did, however, vary in their level of accuracy. Because they depended on 
landscape patterns measured from remotely sensed data, the models were easily applied 
to new areas. Although we found that the models were general enough to be applied to 
sites within the same mountain range, we did not fully test the limits of their generality by 
taking them to other portions of the species' geographic ranges. 
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Because the modeling effort was a predictive one , I have not included an 
extensive interpretation of the ecological significance of the variables or the interaction s 
defined by the models . However , it is necessary to briefly discu ss the level to which the 
relationships in the models appear to be ecologically sound. Both the Red-naped 
Sap sucker and the Tree Swallow models were based on positive association s with open 
areas and willows. These relationships are consi stent with the feeding behavior of both 
species . The Northern Flicker model also predicted an association with open areas , as 
might be expected for an edge-nesting species . Less intuitive were the associations with 
the area and number of patches of willow. The Mountain Chickadee model did not 
incorporate the associations I had predicted given the species ' biology . Instead, it 
predicted chickadee s would be present in more fragmented aspen stands and stand s 
associated with more patche s of willow or open space . The fact that the chickadee model 
appeared to be less representative of the speci es biolo gy may play a large part in its 
inability to predict nest presence s at the new field sites. 
The differences in the levels of accuracy attained by the model s and the amount of 
aspen predicted to be suitable habitat may reflect a number of different issues . First, 
different species may be differentially associated with landscape-scale processes (Hansen 
and Urban 1992) . Second, associations with smaller scale vegetation patterns that are not 
reflected in landscape-scale patterns may further differentiate between nest and non-nest 
sites . Third , predation and competition pre ssures that are not reflected in landscape-scale 
patterns may influence nest-site selection and reduce the accuracy of the landscape -scale 
models. Fourth, the sample sizes of both nests and non-nest points may have affected 
the accuracy of the models . 
Different species are likely to respond to their environment at different spatial 
scales (Wiens 1989). Indeed, both species movements and habitat affinities may be 
scale-dependent processes that are highly related to body size (With 1994, Holling 1992). 
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The body sizes of the four species for which I built models range from roughly 1 O g for 
the Mountain Chickadee to 135 g for the flicker (Dunning 1993) . For this reason alone, 
one might expect them to respond to landscape patterns at different spatial scales. 
Although I examined patterns at a range of spatial scales, it is possible that I did not 
capture the scales at which all four species were operating. Because they are relatively 
small birds, and have small homeranges (Laudenslayer and Balda 1976), Mountain 
Chickadees are less likely to be selecting habitat at large spatial scales. Thus a landscape 
to a Mountain Chickadee might be even smaller than any of the 16 scales used in the 
present study. In addition, using a map with 30 m resolution may be too coarse-grained 
for the landscape of a Mountain Chickadee . The fact that the model built for the Tree 
Swallow was the most accurate of the four may indicate that these birds are most highly 
associated with landscape-scale processes. Nonetheless, my results indicate that Tree 
Swallows may perceive habitat at even larger spatial scales than I was able to investigate . 
Tree Swallows were most strongly associated with patterns measured with the largest of 
the 16 plot sizes in the study, indicating that they might be associated with patterns at 
larger spatial scales as well. 
It is becoming increasingly obvious that animals respond to patterns at multiple 
spatial scales (Morris 1987, Schaefer and Messier 1995, Jorgensen and Demarais 1999). 
Thus, models built solely at large spatial scales, using landscape pattern associations, are 
likely to be less accurate when smaller-scale association are strong. Gutzwiller and 
Anderson ( 1987) demonstrated that several species of cavity-nesting birds respond to 
patterns at three spatial scales (all smaller than the those used in the present study) . In 
addition, cavity-nesting birds are known to be associate with both forest structure in 
terms of snag density (Raphael and White 1984), tree density (Flack 1976, Finch 1989, 
· Parren 1991 ), and with individual nest trees in terms of size and condition (Sedgwick and 
Knopf 1990, Daily 1993, Dobkin et al. 1995, Schepps et al. 1999). Secondary cavity 
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nesters, who require an existing cavity for nesting, are a more obvious example of the 
importance of small-scale factors. Cavity availability is often found to be a limiting 
factor in secondary cavity-nesting bird populations (Sutchbury and Robertson 1987, 
Brawn and Balda 1988). Unless these smaller-scale attributes are correlated with 
landscape-scale patterns, models built with only landscape-scale associations are likely to 
overpredict bird presence. The Red-naped Sapsucker model we produced may be limited 
by this circumstance. Although the model did predict far less suitable habitat than a null 
model , it did predict large amounts of suitable habitat. 
As with any habitat model that is limited to associations with vegetation structure 
and composition, these landscape-scale models are susceptible to variations in predation 
risks and competition pressure s that are not reflected in landscape-scale patterns . 
Although landscape patterns can reflect predation risks ( e.g., Andren 1992) , it is possible 
that not all nest predators in the Uinta Mountains [flying squirrels (Glaucom ys sabrinus ), 
chipmunks (Tamias), red squirrels (Tamiasciurus striatus)] are associated with landscape 
patterns perceived by the four cavity-nesting bird species . In addition, at least three of 
the four cavity-nesting species may potentially compete with each other, as well as with 
the other cavity-nesting birds in the Uinta Mountains for cavities. 
Although the differences in the accuracy of the models as well as the predicted 
distributions of the birds at the test sites are likely to reflect differences in the ecology of 
the species, these differences may also reflect differences in sample sizes of both nests 
and non-nest points. My ability to build models depended, as one would expect, on 
sample sizes of nest sites. I was unable to model any of the species of cavity-nesting 
birds for which I had sample sizes less than 17 nests. Of the four species for which I did 
build models, the Northern Flicker, built with only 17 nest points, had the worst fit. 
It is also possible that model accuracy was affected by the ratios of nest to non-
nest points used to build the models. Fielding and Haworth ( 1995) showed that 
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increasing the ratio of presences to absences from l: l to roughly l: 15 in a logistic 
regression modeling exercise for three bird species reduced the fit of the models to the 
training set presences from between 5% and 15%. The decrease in accuracy of the 
predictions made on the testing set of presences was less dramatic, ranging from 6% to 
3%. They demonstrated that the effect on the correct prediction of training set absences 
was negligible, but the increase in the correct classification of test set absences could be 
substantial, increasing from between 7% and 15%. 
Although the more extreme ratio of nest to non-nest points for the Northern 
Flicker model (1: 10) may have contributed to the poor fit of the model to the training nest 
points, it is more likely that the higher ratios of non-nest to nest points used to build this 
model as well as for the Tree Swallow and Mountain Chickadee produced models that 
were able to better correctly classify non-nest point at the test sites. The prediction maps 
for the Tree Swallow (built with a ratio of l :4.5 nests to non-nests) were relatively 
accurate in terms of predicting nests at the test site . In addition, they indicated that a 
relatively low portion of the aspen was predicted nesting habitat. The Red-naped 
Sapsucker maps (built with a ratio of roughly 1: 1 nests to non-nest points) also correctly 
classified a high percentage of nests at the test sites, but these maps predicted nest 
presence much more liberally. It is possible that the difference in nest to non-nest ratios 
used in building the models contributed to the differences in the amount of aspen 
predicted as nesting habitat. 
Spatially explicit models also have to consider spatial accuracy. The combination 
of different types of spatial information can easily compound the amount of spatial error 
in a model. The spatial error inherent in the GPS positions combined with the spatial 
error in the vegetation map to produce relatively inaccurate mapping of Tree Swallows 
nests. Tree Swallows tended to nest extensively on aspen-meadow edges, thus making 
them the only species that was highly susceptible to spatial error. The fact that this was 
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only an issue with the Tree Swallows can be seen by comparing the straight accuracy of 
the model to the accuracy of the buffered maps (Table 4-3). Whereas the accuracy of the 
models for the other three species showed only slight improvements (5-13%) when a 
buffer was used, the Tree Swallow model showed a 40% increase in accuracy with the 
buffer. Thus it may be important to monitor the degree of spatial accuracy in such 
models, especially for species that use edges. 
Compared to models that require data collection from the field in order to make 
predictions about the suitability of habitat (i.e., HS Is, Van Home and Wiens 1991 ), the 
models I produced were easily applied to new sites for the purpose of making predictions. 
Despite the ease of use of such models, the ability to build them is dependent upon 
having access to remotely sensed data . Fortunately , remotely sensed data is not only 
becoming more diverse but it is also becoming more widely available. Another 
disadvantage of building landscape-scale predictive models results from the fact that the 
field of landscape ecology is relatively young (Naveh and Leiberman 1984, Forman and 
Godron 1986) . Although associations between birds and various aspects of vegetation 
composition and structure are known at relatively small spatial scales (e.g., Cody 1985), 
· associations between given species and landscape patterns are not as prevalent in the 
literature. Thus many of these relationships will have to be determined in the field. 
The four habitat models appear to be general enough to apply them to other sites 
within the same mountain range . I did not test the extent of the generality of the models , 
however. To further test model generality one could make predictions for sites in 
distinctly different portions of each species' geographic range. For example, tests for this 
suit of species could be conducted in aspen forests of British Columbia or southern 
Arizona. Another test of the generality of the models could be done by attempting to 
apply the Mountain Chickadee model to coniferous forests. Although the other three 
species nest primarily in aspen trees in the Uinta Mountains, the chickadees also 
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frequently nest in conifers. Testing the models in other habitat types would test another 
aspect of generality (Van Home and Wiens 1991 ). 
Spatially explicit models built using associations with landscape patterns may 
provide an accurate, easily used alternative to traditional HSI-type, and more general 
WHR-type models. I demonstrated this by building and testing predictive habitat models 
based on associations with landscape patterns. My results indicate that this approach may 
not work equally well for all species. In addition, these results stress that habitat models 
should be empirically tested. The correct classification rates of the models run on the 
data from the original field sites were not good indicators of model performance at new 
field sites. When tested and refined, models of this type that rely on landscape patterns 
may provide an easily used , relatively accurate tool for the management at local scales. 
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CHAPTER 5 
CONCLUSION 
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The three studies reported above explore the multi-scaled nature of habitat 
selection. They investigate the implications of a hierarchical process of nest-site 
se lection as well as the power of habitat associations at a "landscape-level" to produce 
predictive habitat models. These three studies contribute to the knowledge base in the 
areas of habitat selection, hierarchy theory in ecology, landscape ecology, and predictive 
modeling. Here, I will first place the habitat associations identified in these studies in the 
context of previous work. I will then compare and contrast the implications of nest-s ite 
se lection being viewed as a hierarchical proce ss to the implications of nest-site selection 
as explained by the niche-gestalt concept. Next I will review the contributions of my 
predictive models. And finally, I will outline a few of the implications that the results of 
these studie s have for management practices and future research efforts. 
HABITAT SELECTION AS A 
MULTI-SCALED PROCESS 
Ecological processes operate at a number of different spatial scales. Only 
relatively recently have ecologists begun to tackle the profound implications of this 
concept. It is increasingly clear that in order to understand ecological processes , the 
scales at which the processes are investigated must approximate the scales at which the 
phenomena occur (Wiens 1989). The previous disregard for the issue of scale is 
highlighted by Kareiva and Anderson ( 1988); they reported that half of the community 
ecology studies surveyed used sample plots I m2 or smaller. However, the issue of scale 
in ecology runs deeper than simply selecting the proper size sample plot or the range over 
which to conduct a study. Ecological processes are not isolated at a particular scale, but 
are influenced by processes occurring at both larger and smaller scales (0' Neill et al. 
1986). 
Clearly, animals interact with their environments at multiple spatial scales. 
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Muskoxen (Ovibos moschatus) have been shown to respond to patterns of forage at 
different spatial scales (Shaefer and Messier 1995). American Robins (Turdus 
migratorius) have been shown to select fruits hierarchically, first selecting shrubs with 
high densities of fruits , and then selecting the largest fruits on that shrub (Salabanks 
1993). Morris (1987) demonstrated that some small mammals appear to respond to the 
composition of vegetation at larger scales and the structure of vegetation at smaller 
scales. Habitat selection, particularly by birds , is likely to be a multi-scale process . 
Birds, more so than other organisms, have the ability to view their environments at a wide 
range of spatial scales. This notion has led to an expansion of the range of scales at 
which habitat selection is studied; studies conducted at relatively small spatial scales 
(e .g. , Sakai and Noon 1991) are now joined in the literature by studies that involve 
landscape patterns at much larger scales (e.g ., Freemark et al. 1995) . It has also led to the 
use of multiple scales to understand processes within a single study (Bergin 1992, 
Sedgwick and Knopf 1992, Saab 1999) . My multi-scale analysis of cavity-nester habitat 
(Chapter 2) and my experimental approach to habitat selection at two spatial scales 
(Chapter 3) lend support to the concept of a multi-scale habitat selection process . My 
results at smaller, more traditional spatial scales supported the relationships between 
cavity nesters and vegetation structure that have been previously described by others. 
Because relationships at larger spatial scales are less well established, my analyses of 
landscape patterns may have shed light on some new relationships in addition to 
confirming a few known associations . 
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"Micro "-scale associations 
Cavity-nesting birds have traditionally been studied at small spatial scales. In 
fact, individual trees have often been the focus of studies involving cavity-nester habitat 
(Daily 1993, Conner et al. 1976). Both the size and the condition of trees have been 
recognized as important to cavity-nesting birds. For example, snags have been viewed as 
a crucial element of cavity-nester habitat; they provide cavities and/or easily excavated 
substrates (Raphael and White 1984). Also , the condition of live trees plays an important 
role in the selection of nest trees (Daily 1993, Dobkin et al. 1995, Schepps et al. 1999). 
In accordance with these studies, I also found that nest -site selection occurs at the level of 
an individual tree. In my work, Red-naped Sapsuckers , Tree Swallows, Northern 
Flickers, and Mountain Chickadees all nested predominantly in trees that were infected 
with a fungus (Fommes spp.) or showed a high degree of heart rot. My results indicate , 
however, that rot and the presence of fungal bodies tend to be more important than 
whether the tree is alive or dead . Furthermore, selection for tree condition appears to be 
carried out only at the level of the tree . Although birds selected rotten and infected trees, 
they did not appear to be selecting stands with more rotten or infected trees . My results 
also support the idea that cavity nesters nest in large-diameter trees . 
"Meso"-scale associations 
My study of cavity-nester habitat at what I have called the "meso-scale" also 
supports some of the well-known associations with vegetation structure. Although some 
studies have found no association between cavity nesters and the density of snags (e.g., 
Sedgwick and Knopf 1990), it is generally believed that cavity nesters are associated with 
areas with higher densities of snags (Raphael and White 1984 ). In addition to acting as 
nest trees , snags may provide cavities for roosting as well as provide foraging 
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opportunities . I found that Red-naped Sapsuckers, Tree Swallows , Northern Flicker s, 
and Mountain Chickadees were all associated with the density of either snags or down 
dead trees. However, I found that down dead trees probably play a larger role in the nest-
site selection process of Red-naped Sapsuckers and Northern Flickers than do snags. 
This evidence tends to indicate that the dead trees are acting as foraging sites . 
The structure of the vegetation around the nests of cavity-nesting birds is another 
important factor at the meso scale . For instance , several studies have linked cavity 
nesters with lower densities of trees (e.g ., Flack 1976) . This pattern is dissimilar to that 
for many open-cup nesting birds, and may be related to the fact that cavity-nesting birds 
often experience lower rates of nest predation than open-cup nesting birds (Lack 1954). 
It has been hypothesized that cavity -nesting birds may prefer different stand structure --
one with a relatively open canopy populated by sparse large trees . The result s of my field 
experiment support this pattern, in that birds selected aspen stands that had lower 
densities of trees . However , these stands also had larger trees which , as mentioned 
above , are, in themselves , a resource for cavity-nesting birds . 
"Macro"-scale associations 
Although there is a fairly large literature on the habitat associations of cavity-
nesting birds at these relatively small spatial scales , much less is known about the 
relationships of cavity nesters to patterns and processes at larger spatial scales . The 
extent of what is known about the landscape association of Red-naped Sapsuckers , Tree 
Swallows, Northern Flickers, and Mountain Chickadees can be summed up in the 
following few sentences. Tree Swallows are known to nest near forest-meadow edges , 
and when given the opportunity they may even nest in meadows (Rendell and Robertson 
1990). Northern Flickers have also been found to nest near forest edges (Conner and 
Adkisson 1976, 1977). And Red-naped Sapsuckers are known to be a riparian species 
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that may be associated with forest interiors (Dobkin et al. 1995). My research supports 
all but the last of these associations. I found that Tree Swallows were associated with 
forest-meadow edges, as well as with large open spaces and willows. I have suggested 
that the latter two associations are likely to be directly related to the foraging habits of 
these birds. Tree Swallows are aerial insectivores and tend to forage over open spaces 
that often include riparian areas or ponds. I found both Northern Flickers and Red-naped 
Sapsuckers to be associated with forest-meadow edges and with larger open areas, but 
they did not tend to select nest-sites as close to edges as did Tree Swallows. The affinity 
of Red-naped Sapsuckers for edges may reflect their use of a diverse group of food 
resources. Having a nest on a forest-meadow edge may allow sapsuckers to be centrally 
located with regard to willow shrubs, conifer forests , and aspen tree s. 
Furthermore, in the field experiment described in Chapter 3, I found that all 
primary cavity nesters in my study tended to select aspen stands in meadow contexts. 
These stands had at least 50% of their edges bordering meadows , and a large percentage 
of the land around the stand was meadow. I found that Mountain Chickadees had the 
weakest relationships with landscape patterns . Although chickadees tended to be 
· associated with conifer forest (both represented by land-cover diversity and the area of 
conifer forest), both my hierarchical analysis of habitat associations (Chapter 2) and my 
predictive models (Chapter 4) indicated that these relationships were fairly weak. This 
weakness may be due to the fact that chickadees are small birds and use relatively small 
areas. Thus, a landscape to a Mountain Chickadee might be smaller than I measured in 
this study. 
The results of my field experiment lend credence to some of the associations I 
found by analyzing patterns of vegetation at three spatial scales . In particular, they 
support the idea that birds respond to landscape pattern. Although the results of the 
experiment were relatively tenuous due to the small sample size, they do indicate that 
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many of the primary cavity-nesting birds in the Uinta Mountains tend to nest in an aspen-
meadow complex. This finding agrees with that of Dobkin et al. ( 1995), who found that 
there tended to be more cavity nesters in riparian aspen stands than in snow-pocket aspen 
stands . Dobkin et al. (1995) suggested that this was due to the fact that the snow-pocket 
stands had smaller trees. By looking at both stand structure and landscape context, I was 
able to demonstrate that both the landscape context of aspen stands and the structure of 
the vegetation within the stand were associated with cavity-nester presence. In addition 
to the multi-scale analysis (Chapter 2) and the experimental study (Chapter 3), my 
predictive models built with landscape patterns (Chapter 4) demonstrate the strength of 
associations with habitat structure at larger spatial scales . 
BEYOND THE NICHE-GEST ALT: 
COMPLEXITY AND HIERARCHY 
The concept of the niche-gestalt (James 1971) has been a dominant theme in the 
study of avian habitat selection. James (1971) suggested that birds recognized a pattern 
of vegetation (possibly an amalgamation of search images) that represents suitable 
habitat. James did not specify that the decision-making process was a simple one in 
which an assemblage of vegetation was assessed at once and either accepted or rejected . 
However, the study of avian habitat selection has seldom gone beyond trying to describe 
the niche-gestalt as a collection of associations with various components of habitat. 
Klopfer and Ganzhom ( 1985) have suggested simple analyses of habitat choices are 
likely to be inaccurate because they tend to overlook any possible complexity in the 
decision-making process. They, like others (Hilden 1965, Hutto 1985), suggested that 
habitat selection in birds may be a complex hierarchical process that progresses from 
larger scales to smaller scales. 
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Hierarchy theory is a conceptual framework for organizing the multi-scaled 
processes that drive ecological systems (Allen and Starr 1982, O'Neill et al. 1986). The 
theory posits that processes are hierarchically organized in distinct levels based on their 
rates. Faster processes operate at lower levels whereas slower processes operate at higher 
levels. Although isolated at different levels, processes at a given level are influenced by 
processes occurring both at lower and at higher levels. Suggesting that nest-site selection 
is a hierarchical process does not imply that decisions made at higher level s in the 
hierarchy are made at different rates. A hierarchical process of nest-site selection 
implies that there is a temporal sequence of decisions made when selecting a nest-site. 
This sequence corresponds to a spatial hierarchy in that the decisions that are made first 
are made at larger spatial scales and then progress to smaller spatial scales in later 
decisions. One of the most important implications of this hierarchical structure is that the 
decisions at smaller scales are constrained by decisions made at larger scales . 
Although several studies have investigated habitat associations at multiple spatial 
scales, none (to my knowledge) have conducted a hierarchically structured analysis that 
takes into account the constraints necessarily implied by higher level decisions. I have 
conducted such a hierarchical analysis using tree-based classification models (Chapter 2) . 
Classification and regression trees (CART) not only facilitate a hierarchical modeling 
structure, but also they allow the investigator to easily model complex interactions among 
variables. In lieu of a single niche-gestalt, the results of the hierarchical analysis 
produced a number of alternative habitat association depending on the associations at 
larger scales. For example, Red-naped Sapsucker nests that were farther from aspen-
meadow edges tended to be in trees with no low branches, whereas those that nested 
closer to meadow-aspen edges were associated with other factors (larger areas of meadow 
· and areas with> 10 down dead trees), but not with trees with no low branches . This 
pattern may reflect a complex decision-making process in which the type of tree in which 
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a bird selects to nest depends on the bird's choice of the location of the nest site. It is 
important to note that whereas some selection criteria appeared to depend on high-level 
constraints (such as the example given above), others appeared to be universal. The 
presence of fungal conks appeared to be an important factor, regardless of higher level 
constraints for Red-naped Sapsuckers . Likewise, the diameter of trees appeared to be a 
uni versa! factor for Northern Flickers. 
Like any other statistical technique, CART is not without limitations and 
disadvantages. By gaining the ability to model complex interactions and build 
hierarchically organized models , the ability to model all of the smaller associations can 
be limited . Due to the recursive partitioning method , the number of splits (and hence the 
number of variables) used in a model is limited by the size of the data set. For data sets 
with large numbers of samples , this point may be irrelevant. Perturbation analy ses 
provide one solution to this problem for smaller data sets . Although I used perturbation s 
techniques to look for co linearity and model stability , I did not engage in more severe 
perturbations that would purposefully seek alternative explanatory models . I stress that 
CART models should not be seen as better statistical techniques than more traditional 
parametric models for investigating habitat relationships, but they should be viewed as 
alternative technique that allows the researcher to inve stigate more complex interaction s 
that might otherwise go unobserved . Although the same cautionary note regarding 
sample sizes and less influential associations might apply to using CART as predictive 
models, the consequences are less severe given that model fit and predictability (not an 
accurate explanation) are the goal of a predictive model. 
LANDSCAPES AND PREDICTIVE 
MODELING 
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Predictive models should be accurate, general, and easy to use (Van Home and 
Wiens 1991 ). Fairly accurate models have been built at relatively small spatial scales. 
habitat suitability indices (HSI) are an example of this type of model. Very general 
models that are extremely easy to use have also been built. These models [e.g., wildlife 
habitat relationships (WHR), and gap analysis program models (GAP)] are based on 
gross vegetation associations, range maps , and historical presence data. Although these 
models are generally fairly accurate at large spatial scales (the scales at which they are 
meant to be used) , they are not as accurate at smaller spatial scales. One alternative to 
both of these modeling approaches is to use associations with landscape patterns. This 
type of model is becoming more prevalent (e.g., Buckland and Elston 1993, O'Connor et 
al. 1996, Dettmers and Bart 1999). This approach produces models that (like the GAP 
models and the WHR models) are easy to use , and as I have shown in Chapter 4, can 
produce models that are relatively accurate at smaller scales. 
It is becoming increasingly clear that animals are associated with landscape 
patterns and processes (Hansson et al. 1995, Bissonette 1997). Habitat models that use 
landscape patterns have a number of distinct advantages over both GAP-type and HSI-
type models . First, using the associations that animals have with landscape patterns may 
allow researchers to build models that are more accurate at a smaller scale than models 
that are built using gross vegetation type associations. Second, because landscape 
patterns can be measured remotely (i.e., with remotely sensed data) predictions can be 
made from the models without collecting new data in the field. Thus , if strong enough 
and general enough, these landscape associations may provide the information needed to 
build accurate, easily used predictive habitat models. 
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Like all other models, predictive habitat models based on landscape patterns also 
have a number of limitations. I found that the accuracy of the predictive models I built 
(Chapter 4) varied among species. The model built for the Tree Swallow was very 
accurate (93% of all nests correctly classified), whereas the Mountain Chickadee model 
was far less accurate (55% of all nests correctly classified). I have suggested that this 
difference is indicative of the varying strength of landscape-pattern associations. The 
failure of the chickadee model also raises the issue of spatial scale. Although the models 
were sensitive to one aspect of scale, they neglected another. The size of the sample plot 
was tailored to the homerange sizes of each of the species. However, the grain of the 
study (in terms of the minimum mapping unit, or pixel size) was not adjusted for each 
species. Mountain Chickadees are smaller and less far ranging than the other three birds 
for which predictive models were built. Thus they are likely to view landscapes at a 
smaller scale. A vegetation map with 30 m resolution may well be too coarse for 
modeling Mountain Chickadee habitat. 
The results of my research stress the importance of empirical model testing . I 
found that although all four models fit the data with which they were built well (88% to 
· 98% accuracy), they differed greatly in their accuracy when applied to new sites. Others 
have stressed this point as well (Van Horne and Wiens 1991 ). Although my empirical 
tests evaluated the accuracy of the models in the Uinta Mountains , they did not 
extensively test the generality of the models by testing them in different parts of the 
species' geographic ranges or in habitats other than aspen forests . 
Although associations with landscape patterns may be strong enough lo produce 
good predictive models for some species, it is clear that associations at smaller scales also 
play an important role in the nest-site selection process (Chapters 2 and 3). Landscape 
models could be improved if these smaller-scale associations could be modeled without 
compromising the ease of use of the models. Some recent studies have investigated the 
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possibility of modeling forest structure using remotely sensed vegetation data, 
topography, and climate data (Moisen and Edwards in press). It may be possible to build 
more accurate predictive habitat models that are equally easy to use by linking this type 
of forest structure model with landscape-habitat models. 
MANAGEMENT, CONSERVATION, 
AND FUTURE RESEARCH 
Although I have mentioned a number of ways in which the results of my studies 
could further be developed or applied, there are two specific implications for 
management and future research that warrant discussion. First, the multi-scale habitat 
associations described in Chapters 2 and 3 indicate that management of forests or wildlife 
must operate at a number of different spatial scales. Second , the relationship that Red-
naped Sapsuckers have with other cavity-nesting birds , as well as with other animals, 
may provide an opportunity for the collective management of the cavity-nester guild , or 
even mountain riparian ecosystems in the western U.S . 
The concept of integrating larger spatial scales into management practices is not 
new (Freemark et al. 1995). Habitat fragmentation, for example, is one large-scale 
process that has resulted in a number of management recommendations and policies [e.g., 
the Northern Spotted Owl (Murphy and Noon 1992, McKelvey et al. 1993)] . Landscape 
patterns are definitely a concern for cavity-nesting species in the Uinta Mountains, and 
likely at least throughout the intermountain west. My results indicate that a large number 
of the cavity-nesting birds that nest in aspen trees in the Uinta Mountains nest in close 
proximity to large open areas. The interface between meadows and aspen forests seems 
to be a key resource for many of these birds. Aspen stands that border meadows do not 
benefit from the traditional management practices of grazing and fire suppression. Many 
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of the aspen stands that border meadow edges are in riparian areas. These riparian areas 
are grazed by cattle, and the aspen stands within are often used for shade. Others have 
noted that the pressures of grazing and trampling are likely to reduce the generation rate 
of these riparian aspen stands (Dobkin et al. 1995), leaving older aspen stands that serve 
as suitable habitat for cavity nesters in the short term, but not in the long term (for lack of 
recruitment and stand replacement). 
On the other hand, it is possible that cattle grazing maintains some of the open 
areas, providing more meadow area. Older aspen stands in the Uinta Mountains are often 
surrounded by spruce and fir trees, which, given enough time, tend to replace the aspen 
stand in the later stages of succession. In the absence of fire, many of the aspen stands 
are likely to be encapsulated by conifer forests thus reducing their suitability as cavity-
nester habitat. Fire, on the other hand, restarts the successional process, allowing aspen , 
a shade-intolerant species, to cover large areas, many of which border meadows. 
Recently a large fire burned an area in the northwestern part of the Uinta Mountains. 
This event may provide a natural experiment in cavity-nester management. 
The results of both my hierarchical analysis of habitat associations, and my 
experimental study of habitat at two spatial scales indicate that integrating management 
for larger-scale associations with those for smaller scale associations may be a crucial 
element of cavity-nester management. Snag density has been stressed by many as a 
critical component for cavity-nesting birds. My research, as well as that of some others 
(Dobkin et al. 1995), indicates that live trees with fungal infections and heart rot may be 
more important than snags for cavity-nesting birds in aspen stands in the intermountain 
west. Although fungal infections have traditionally been seen as a negative factor that 
affects the volume of wood that an aspen stand is able to produce (e.g., Meinecke 1929, 
Basham 1958) , it may be important to recognize the importance of these fungi to cavity-
nester habitat. 
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I have discussed some of the possible effects of management practices on the 
cavity-nester community as a whole. I have been able to make these general sugge stions 
because, with the exception of Mountain Chickadees , the cavity nester in my studies 
shared a number of habitat associations. The fact that these commonalities exist may 
allow managers to make multi-species recommendations, and may provide material for 
testing a variation of the umbrella species conservation concept. The umbrella concept 
proposes that by protecting one (or a few) species with relatively large homeranges, one 
can protect a large number of other species that generally have smaller homeranges 
(Frankel and Soule 1981, Wilcox 1984, Martikainen et al 1998) . Red-naped Sapsuckers 
might act as an umrella species in terms of predicitng suitable habitat for cavity-nesing 
birds in western mountain riparian areas for several reasons, not because of the size of 
their homerange, but because they may act as a keystone species and because of their 
more general habitat requirements. First, Red-naped Sapsuckers have been described as a 
keystone species (Ehrlich and Daily 1988, Daily et al. 1993) because they provide 
resources for a number of other species. In the west, they are believed to supply many of 
the cavities for secondary cavity-nesting birds (Erskine and McLaren 1972, Dobkin et al 
1995). Sapsuckers also provide a food resource for humming birds, and small mammals 
that often drink from sapsucker sap wells. Second, although Red-naped Sapsuckers do 
not have larger homeranges than all of the other cavity nesters considered in the study, 
they do have a broader range of suitable habitat. Suitable habitat as predicted by the Red-
naped Sapsucker model (Chapter 4) for the most part encompassed the suitable habitat 
predictions for the other species. Thus, it may be possible to predict suitable habitat for a 
suite of cavity-nesting birds using the Red-naped Sapsuckers. 
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APPENDIX A. PREDICTION MODEL FITS 
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Table Al. Model fits (as measured with Jaccard's coefficient) of 64 models , each using 
data collected at l of 16 plot sizes for four species of cavity-nesting birds. 
Plot 
size Red-naped Mountain Northern 
(ha) Sapsucker Tree Swallow Chickadee Flicker 
0.8 0 0 0 0 
2.3 0 0.40 0.34 0 
4.4 0.46 · 0.43 0.34 0 
7.3 0.58 0 0 0 
10.9 0.72 0.70 0.44 0 
15.2 0.82 0.54 0.14 0 
20.3 0.85 0.67 0.46 0 
26.0 0.8 l 0.76 0.61 0.67 
31.5 0.88 0.78 0.75 0.68 
39.7 0.98 0.89 0.64 0.59 
47.6 0.91 0.78 0.66 0 
56.3 0.96 0.86 0.80 0.75 
65.6 0.96 0.84 0.71 0 
75.7 0.96 0.83 0.81 0.68 
86.5 0 0.92 0.89 0.56 
98.0 0 0.94 0.93 0.65 
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APPENDIX B. PREDICTION MAPS 
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FIG. B 1. Vegetation map , prediction map, and prediction map with a 30-m buffer around the areas with a> 0.50 probability of nest 
presence for Red-naped Sapsuckers at Mill City Creek in the Uinta Mountain s, Utah. 
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FIG. B2. Vegetation map , prediction map, and prediction map with a 30-m buffer around the areas with a> 0.50 probability of nest 
presence for Tree Swallows at Mill City Creek in the Uinta Mountains, Utah. 
Vl 
.+::,. 
~~ 
• aspen D meadow • conifer D < 0.25 • conifer • water 
• conifer D willow • cut D 0.25-0.50 • cut D < 0.50 
• cut • water o meadow D 0.51-0.75 D meadow Ill > 0.50 
D willow ~ > 0.75 D willow -$- nest 
• water -$- nest 
FIG. 83. Vegetation map, prediction map, and prediction map with a 30-m buffer around the areas with a> 0.50 probability of nest 
presence for Mountain Chickadees at Mill City Creek in the Uinta Mountains, Utah. 
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FIG. 84. Vegetation map, prediction map , and prediction map with a 30-m buffer around the areas with a> 0.50 probability of nest 
presence for Northern Flickers at Mill City Creek in the Uinta Mountains, Utah . 
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FIG. BS. Vegetation map, prediction map, and prediction map with a 30-m buffer around the areas with a> 0.50 probability of 
nest presence for Red-naped Sapsuckers at Dahlgren Creek in the Uinta Mountain s, Utah. 
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FIG. B6. Vegetation map, prediction map , and prediction map with a 30-m buffer around the areas with a> 0.50 probability of nest 
presence for Tree Swallows at Dahlgren Creek in the Uinta Mountains, Utah. 
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FIG. B7. Vegetation map, prediction map, and prediction map with a 30-m buffer around the areas with a> 0.50 probability of nest 
presence for Mountain Chickadee s at Dahlgren Creek in the Uinta Mountains , Utah . 
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FIG. 88. Vegetation map, prediction map, and prediction map with a 30-m buffer around the areas with a> 0.50 probability of 
nest presence for Northern Flickers at Dahlgren Creek in the Uinta Mountains, Utah. 
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FIG. B9. Vegetation map, prediction map, and prediction map with a 30-m buffer around the areas with a> 0.50 probability of nest 
presence for Red-naped Sapsuckers at Gilbert Creek in the Uinta Mountains, Utah. 
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FIG . B 10. Vegetation map, prediction map, and prediction map with a 30-m buffer around the areas with a> 0.50 probability of nest 
presence for Tree Swallows at Gilbert Creek in the Uinta Mountains, Utah. 
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FIG. B 11. Vegetation map, prediction map, and prediction map with a 30-m buffer around the areas with a> 0.50 probability of nest 
presence for Mountain Chickadees at Gilbert Creek in the Uinta Mountains, Utah . 
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FIG. B12 . Vegetation map, prediction map, and prediction map with a 30-m buffer around the areas with a> 0 .50 probability of 
nest presence for Northern Flickers at Gilbert Creek in the Uinta Mountains, Utah. 
0\ 
.j::,. 
• aspen D meadow • conifer 0 < 0.25 • conifer • water 
• conifer D willow • cut D 0.25-0.50 • cut D < 0.50 
• cut • water D meadow D 0.51-0.75 D meadow ffl > 0.50 
D willow l!!l > 0.75 D willow -$- nest 
• water -$- nest 
FIG. B 13. Vegetation map, prediction map, and prediction map with a 30-m buffer around the areas with a> 0.50 probability of nest 
presence for Red-naped Sapsuckers at Henry's Fork in the Uinta Mountains, Utah. 
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FIG. Bl4. Vegetation map, prediction map, and prediction map with a 30-m buffer around the areas with a> 0.50 probability of 
nest presence for Tree Swallows at Henry's Fork in the Uinta Mountains, Utah. 
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FIG. Bl5. Vegetation map, prediction map, and prediction map with a 30-m buffer around the areas with a> 0.50 probability of 
nest presence for Mountain Chickadees at Henry's Fork in the Uinta Mountains, Utah. 
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FIG. B 16. Vegetation map, prediction map , and prediction map with a 30-m buffer around the areas with a> 0.50 probability 
of nest presence for Northern Flickers at Henry's Fork in the Uinta Mountains, Utah. 
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FIG. B17 . Vegetation map, prediction map , and prediction map with a 30-m buffer around the areas with a> 0.50 probability 
of nest presence for Red-naped Sapsuckers at Christma s Meadow s in the Uinta Mountains, Utah . 
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FIG . Bl8. Vegetation map , prediction map , and prediction map with a 30-m buffer around the areas with a> 0.50 probability 
of nest presence for Tree Swallows at Christmas Meadows in the Uinta Mountains , Utah . 
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FIG . B19 . Vegetation map, prediction map , and prediction map with a 30-m buffer around the areas with a> 0.50 probability 
of nest presence for Mountain Chickadees at Christma s Meadows in the Uinta Mountains , Utah. 
-....) 
• aspen D meadow • conifer D < 0.25 • conifer • water 
• conifer o willow • cut D 0.25-0.50 • cut D < 0.50 
• cut • water o meadow D 0.51-0.75 D meadow Ill > 0.50 
D willow Ill > 0.75 D willow -$- nest 
• water -$- nest 
FIG. B20. Vegetation map , prediction map, and prediction map with a 30-m buffer around the areas with a> 0.50 probability 
of nest presence for Northern Flicker s at Christmas Meadow s in the Uinta Mountains, Utah . 
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